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Abstract 
ABSTRACT 
Coral bleaching (loss of colouration of corals) and predation on corals by corallivorous 
gastropods are significant impacts in many coral reefs in recent years causing mass 
mortality of coral species or changes in the structure of the reef community. Such 
information, however, is not available for Hong Kong coral communities. Tung Ping • 
Chau, Hong Kong was established as a Marine Park in November 2001, with A Ma 
Wan (AMW) and A Ye Wan (AYW) as the two protected core areas. Some mild cases 
of coral bleaching and corallivorous gastropod predation were reported from these 
areas so a 20-month study was initiated to monitor more closely coral bleaching and 
predation effect on corals these two areas. 
Seasonal general survey was first conducted in 1999 to examine the extent of coral 
bleaching and predation in these coral communities. About 20 colonies each of two 
coral species, Pontes lobata and Acropora tumida, in each site were chosen and 
marked under a permanent quadrat for further evaluation of bleaching and predation 
effect respectively. 
There was no significant change in the live coral cover in these sites over the study 
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period from 1999 to 2001, No mass coral mortality was recorded, suggesting that no 
major impact on the coral communities had occurred within this period. However, 
Pontes lobata did show some bleaching in summer and winter as indicated by colour 
intensity measurement, and changes in the density of their symbiotic algae and 
chlorophyll a concentration. More than 40% and 60% (in terms of coral surface area) 
of Pontes lobata showed a loss of colouration in shallow water of AYW and AMW 
respectively during the summer. More than 90% of Pontes colonies became very pale 
in colour in winter. Low seawater temperature was believed to be the main cause for 
coral bleaching in winter. Moreover, mechanisms involved in bleaching were quite 
different between sites. Pontes colonies in AMW expelled their zooxanthellae while 
those in AYW lost their chlorophyll a pigments. Some expulsion of zooxanthellae was 
also observed among the corals in AYW. 
Cronia margariticola and Drupella rugosa were the two main corallivorous 
gastropods found and they were observed to prey on the coral Acropora tumida more 
than on any other coral species in Tung Ping Chau. Their densities increased in 
summer and decreased in winter. During the study period, the highest mean density of 
C, fnargariticola and D, rugosa in summer was 388 土 606 (SD) individuals / m^and 79 





AMW. Changes in seawater temperature were positively correlated with changes in 
the gastropod density. However, there was no direct linkage between gastropod 
density and the change in the area of feeding scar. Based on changes in the population 
size structure of these gastropods, recruitment peak was observed in summer with the 
appearance of large number of individuals <lcm in size. Spawning of these 
gastropods was not observed, but spawning probably occurred in spring (around 
March). These corallivorous gastropods did not appear to be exerting a high predation 




























珠母核果螺(Cronia margariticola)及粗糖核果螺�urpella rugosa)是在東坪洲 
發現的珊瑚獵食者。牠們都是以獵食鹿角珊瑚爲主。牠們的群體密度在夏季大 
幅度增加’在阿爺灣’最高曾達至每一平方米出現387.76 土 606 (標準誤差）的 








Praise to my Lord! I would like to express my deepest thanks to my Lord who guide 
me everyday, train me and put hopes on me to be a faithful servant. Thanks for 
always giving me one word to support me throughout the whole study period. 
Thanks for his endless love. 
First of all, I would like to express the greatest gratitude to my supervisor, Prof. Put 
O Ang, Jr., for his sincere dedication of time and efforts and indispensable advice 
throughout the entire period of study. Thanks for his patience, encouragement and 
care. 
Special acknowledgements are made here to all members of the diving team, 
research assistants, technicians and all friends in the Department of Biology for their 
friendship and their support during my study. These people include Sophie W. Y. 
Chan, Frank C. C. Cheung, Choyce L. S. Choi, Mable W. L. Chu, Catherine O. L. 
Kan, Corsica S. L. Kong, T. P. Lin, P. L. Ng，Tina Tsui, Dickson C. C. Wong, Richard 




H. Yung, Henry T. W. Tarn and all the people in Ping Chau Store. In particular, I 
would like to thank Sophie W. Y Chan, Frank C. C. Cheung, T. P. Lin, W. C. Ma and 
Dickson C. C. Wong for their immeasurable technical and spiritual support. Special 
mentions go to Choyce L.S. Choi and Tina Tsui for their continuous support and 
encouragement. All our wonderful study period in the "coral bleaching and predation 
team" will be my memory forever. 
Grateful thanks are also given to all brothers and sisters, shepherds and missionaries 
of UBF for their sincere prayer and encouragement. Special thanks to my Shepherd 
C. Y. Wu and sister W. Y. Chan for their love, support and discerning heart and 
member of Mary Team for their friendship and prayers. 
My appreciation also extends to my husband H. Y. Choi, my dear friends N. F. Liu, 
W. S. Suen, C. C. Wong and H. Y. Yeung for their encourage and spiritual support. 
Above all, I am deeply indebted to my family, who always provides me their endless 
love, support and patience. 
vii 
V 
Table of Contents 
TABLE OF CONTENTS 
Abstract i 
Acknowledgements vi 
Table of Contents viii 
List of Tables xi 
List of Figures xii 
Chapter One: General Introduction 1 
1.1 Introduction 1 
1.1.1 Coral bleaching 2 
1.1.2 Predation of corals by corallivorous gastropods 20 
1.2 Introduction of Study Sites- Tung Ping Chau 33 
1.3 Objectives of the Study 35 
1.4 Structure of this Thesis 36 
Chapter Two: Coral Bleaching and Predation by Corallivorous 
Gastropods in the Coral Communities of A Ye Wan and A 
Ma Wan, Tung Ping Chau 40 
2.1 Introduction 40 
2.2 Materials and Methods 45 
2.2.1 Quantitative surveys 45 
2.2.2 Quantifying the colour of corals, Pontes lobata, 
in Tung Ping Chau 47 
2.2.3 Physical parameters 49 
2.2.4 Data and statistical analysis 49 
2.3 Results 50 
2.3.1 Live coral coverage in A Ye Wan and A Ma Wan 50 
2.3.2 Proportion of Pontes lobata paled 52 
2.3.3 Changes in colour intensity of Porites lobata 
between seasons 54 
- 2.3.4 Density of corallivorous gastropods 55 
2.3.5 Percentage coverage of live and dead Acropora 
tumida 56 
2.3.6 Physical parameters 57 
2.4 Discussion 59 
2.4.1 Live coral cover in A Ye Wan and A Ma Wan 59 
2.4.2 Bleaching of Porites lobata in summer and 
winter 61 
2.4.3 Colour intensity of Porites lobata in different 
‘ seasons 67 
2.4.4 Predation on corals by corallivorous gastropods 69 
viii 
\ 
Table of Contents 
Chapter Three: Study on Coral Bleaching, Porites lobata, in Tung Ping 
Chau by using Permanent Quadrats 103 
3.1 Introduction 103 
3.2 Materials and Methods 104 
3.2.1 Study sites 104 
3.2.2 Permanent quadrat monitoring 105 
3.2.3 Corals sampling for zooxanthellae density and 
chlorophyll a concentration analysis 106 
3.2.3.1 Tissus collection 106 
3.2.3.2 Zooxanthellae counting 107 
3.2.3.3 Chlorophyll a determination 107 
3.2.3.4 Determination of coral surface area 108 
3.2.4 Data analysis 108 
3.3 Results 109 
3.3.1 Monitoring of bleaching of Forties lobata in 
permanent quadrat 109 
3.3.2 Density of Zooxanthellae in Porites lobata 111 
3.3.3 Concentration of Chlorophyll a in Porites lobata 
112 
3.3.4 Chlorophyll a per zooxanthellae 113 
3.4 Discussion 1 14 
Chapter Four Study of Predation on coral Acropora tumida by 
Corallivorous Gastropods in Tung Ping Chau 138 
4.1 General Introduction 138 
4.2 Materials and Methods 140 
4.2.1 Study sites 140 
4.2.2 Preliminary evaluation of corallivorous 
gastropods as the coal predator 141 
4.2.3 Monthly monitoring of permanent quadrat 142 
. 4.2.4 Data and statistical analysis 144 
4.3 Results 145 
4.3.1 Species of corallivorous gastropods in Tung 
Ping Chau 145 
4.3.2 Feeding behavior of corallivorous gastropods in 
Tung Ping Chau 146 
4.3.3 Density of corallivorous gastropods 147 
‘ 4.3.3.1 Monthly change in density of 
corallivorous gastropods 147 
4.3.3.2 Correlation between gastropod 
density and temperature 149 
4.3.4 Cumulative percentage of area of feeding scar 
over time 149 
4.3.5 Monthly percentage change in the areas of 
feeding scar 152 
ix 
Table of Contents 
4.3.5.1 Monthly percentage change in the areas 
of feedling scar due to predation by 
Cronia margariticola and Drupella 
rugosa 152 
4.3.5.2 Correlation between gastropod density 
and monthly percentage change in area 
of scar 153 
4.3.5.3 Correlation between temperature and 
monthly percentage in area of the 
feeding scar 154 
4.3.6 Rate of predation 154 
4.3.6.1 Rate of predation by the corallivorous 
gastropods 154 
4.3.6.2 Correlation between rate of predation, 
gastropod density and seawater 
temperature 155 
4.3.7 Population size structure of the corallivorous 
gastropods 156 
4.3.7.1 Population size structure of Cronia 
margariticola 156 
4.3.7.2 Population size structure of Drupella 
rugosa 158 
4.4 Discussion 159 
4.4.1 Feeding behaviours of corallivorous gastropods 159 
. 4.4.2 Density of corallivorous gastropods 162 
4.4.3 Cumulative percentage of area of feeding scar 170 
4.4.4 Monthly percentage change of area of feeding 
scar 173 
4.4.5 Rate of predation 175 
4.4.6 Size structure of population size 178 
4.4.7 Predatory pressure from corallivorous 
gastropods in Tung Ping Chau 185 




List of Tables 
LIST OF TABLES 
Table 2.1 Results of Kruskal-Wallis Test comparing differences in 
the coral cover among water depths within seasons in A 
Ye Wan. n=3 for water depths. 72 
Table 2.2 Results of Kruskal-Wallis Test comparing differences in 
the coral cover among water depths within seasons in A 
Ma Wan. n=3 for water depths. 73 
Table 2.3 Percentage of Porites colonies from transects that 
become pale in colour in different seasons at different 
water depths in A Ye Wan from 1999 to 2000. Actual 
number of colonies indicated in ( ). 74 
Table 2.4 Percentage of Pontes colonies from transects that 
become pale in colour in different seasons at different 
water depths in A Ma Wan from 1999 to 2000. Actual 
number of colonies indicated in ( ). 75 
Table 2.5 Colour intensity (Mean pixel 土 SD) of different coral 
heads of Pontes lobata at different seasons in A Ye Wan. 76 
Table 2.6 Colour intensity (Mean pixel 土 SD) of different coral 
heads of Porites lobata at different seasons in A Ma Wan. 77 
Table 4.1 The final percentage of area of feeding scar in each coral 
colony (permanent quadrat) in A Ye Wan and A Ma Wan 
- over a 20 month period from 1999 to 2001. Colonies with 
>50% of area showing feeding scar are indicated in bold. 187 
xi 
List of Figures 
LIST OF FIGURES 
Figure 1.1 A Map of Hong Kong showing the location of Tung Ping 
Chau. 39 
Figure I . IB Aerial view of Tung Ping Chau, showing the two study 
sites, A Ma Wan and A Ye Wan located on the North, 
Northeast shore of the island. 39 
Figure 2.1 The mean percentage cover (土 SD) of live coral at different 
depths in A Ye Wan from 1999 to 2000. 78 
Figure 2.2 The mean percentage cover (+ SD) of algae between A Ma 
Wan (AMW) and A Ye Wan (AYW) at different water 
depths in Spring 2000. 79 
Figure 2.3 Common algae in Tung Ping Chau. These algae become 
dominant and cover the corals from winter to spring, (a) 
Colpomenia sinuosa, (b) Ulva lactuca, (c) Hypnea 
charidides and (d) coralline algae. 80 
Figure 2.4 The mean percentage cover (土 SD) of live coral at different 
water depths in A Ma Wan from 1999 to 2000. 81 
Figure 2.5 The 10 most dominant coral species in different seasons 
at - I m CD in A Ye Wan from 1999 to 2000. 82 
Figure 2.6 The 10 most dominant coral species in different seasons 
at -1.5m CD in A Ye Wan from 1999 to 2000. 83 
Figure 2.7 The 10 most dominant coral species in different seasons 
at - 3 m CD in A Ye Wan from 1999 to 2000. 84 
Figure 2.8 The 10 most dominant coral species in different seasons 
at - I m CD in A Ma Wan from 1999 to 2000. 85 
Figure 2.9 The 10 most dominant coral species in different seasons 
at - 2 m CD in A Ye Wan from 1999 to 2000. 86 
Figure 2.10 The 10 most dominant coral species in different seasons 
at -2.5m CD in A Ye Wan from 1999 to 2000. 87 
xii 
V 
List of Figures 
Figure 2.11 Mean percentage (+ SD) of individual colonies of Pontes 
lobata that became pale in colour between seasons at 
different water depths in A Ye Wan from 1999 to 2000. 88 
Figure 2.12 Mean percentage (+ SD) of individual colonies of Pontes 
lobata that became pale in colour between seasons at 
different water depths in A Ma Wan from 1999 to 2000. 89 
Figure 2.13 Tissue color of Pontes lobata at different seasons, (a) 
Pontes lobata in summer (golden pale), (b) Forties lobata 
in autumn (deep brown) and (c) Pontes lobata in winter 
(very pale and milky white). 90 
Figure 2.14 Isolated case of coral bleached. Only part of the Pontes 
lobata colony bleached and white skeleton became visible 
surround with normal tissues. 91 
Figure 2.15 The mean density (土 SD) of corallivorous gastropods 
(Cronia margahticola and Drupella rugosa) at different 
depths in A Ye Wan from 1999 to 2000. 92 
Figure 2.16 The mean density (土 SD) of corallivorous gastropods 
{Cronia margahticola and Drupella rugosa) at different 
depths in A Ma Wan from 1999 to 2000. 
‘ 93 
Figure 2.17 Percentage of the corallivorous gastropods {Cronia 
margahticola and Drupella rugose) that were found on 
Acropora spp. at different water depths in A Ye Wan and A 
Ma Wan from 1999 to 2000. 94 
Figure 2.18 The mean density (土 SD) of corallivorous gastropods 
{Cronia margahticola and Drupella rugosa) per m^ of 
Acropora spp. at different depths in A Ye Wan from 1999 to 
“ 2000. 95 
Figure 2.19 The mean density (土 SD) of corallivorous gastropods 
{Cronia margariticola and Drupella rugosa) per m^ of 
Acropora spp. at different depths in A Ye Wan from 1999 to 
2000. 96 
Figure 2.20 Mean proportion of live and dead cover of Acropora spp. at 
different water depths in A Ye Wan from 1999 to 2000. The 
density of corallivorous gastropods is also shown for 
reference. 97 
Figure 2.21 Mean proportion of live and dead cover of Acropora spp. at 
different water depths in A Ma Wan from 1999 to 2000. The 
density of corallivorous gastropods is also shown for 
reference. 98 
xiii 
List of Figures 
Figure 2.22 Monthly mean (+ SD) seawater temperature with mean 
daily maximum (Max) and mean daily minimum (Min) 
seawater temperature in A Ma Wan from 1999 to 2000. 99 
Figure 2.23 The comparison of mean seawater temperature between 
shallow (-Im CD) and deep (-3m CD) water in A Ma Wan 
from 1997 to 2000. SD of mean not shown. 100 
Figure 2.24 Total rainfall and daily global solar radiation for Hong 
Kong from 1999 to 2000 (Hong Kong Observation). 101 
Figure 2.25 Photos showing the lowest low tide in Tung Ping Chau with 
most of the coral heads in shallow water exposed out of 
water. 102 
Figure 3.1 Upper pictures shows a typical colony with pale colour in 
summer. Lower pictures shows a typical darker deep brown 
coloured colony in late fall. 128 
Figure 3.2 Experimental set up to collect the oral tissue for 
zooxanthellae and chlorophyll determination. The air tank 
was connected with the air blast. The funnel was used to 
divert the tissue to the beaker. Parafilm was used to cover 
half of the funnel to prevent the loss of coral tissues. 129 
Figure 3.3 Colonies of Pontes lobata showing tan colour in summer, 
2000. 130 
Figure 3.4 Colonies of Pontes lobata showing deep brown colour in 
autumn, 2000. n i 
Figure 3.5 Colonies of Pontes lobata showing milky while colour in 
winter, 2000. 132 
Figure 3.6 Macroalgal bloom in spring, 2000 with algae covering 
colonies of Pontes lobata. 13 3 
Figure 3.7 Barnacles growing (indicated by arrow) on Pontes lobata 
in late spring to early summer (a-b) and coral tissues 
overgrowing the barnacles indicated by arrows (c-d). 134 
Figure 3.8 Seasonal change in the mean zooxanthellae density (+ SD) 
in colonies of Pontes lobata in A Ye Wan (AYW) and A Ma 
Wan (AMW) from 2000 to 2001. 13 5 
Figure 3.9 Seasonal change in the mean chlorophyll a concentration (土 
SD) per cm2 of colonies of Pontes lobata in A Ye Wan 
. (AYW) and A Ma Wan (AMW) from 2000 to 2001. 136 
xiv 
V 
List of Figures 
Figure 3.10 Seasonal change in the mean chlorophyll a concentration (土 
SD) per zooxanthella in colonies of Pontes lobata in A Ye 
Wan (AYW) and A Ma Wan (AMW) from 2000 to 2001. 137 
Figure 4.1 Colony of Acropora tumida (a) and close up view of a 
healthy branch (b). Feeding scars on branches of the coral 
after predation by the corallivorous gastropods can be 
observed with white skeleton exposed showing fresh 
feeding scar (c); feeding scar overgrown by green 
filamentous algae (d); and branches overgrown by pink 
coralline algae (e) and (f). 188 
Figure 4.2 Two species of corallivorous gastropod found in Tung Ping 
Chau. (a) Cronia margariticola and (b) Drupella rugosa. 189 
Figure 4.3 Aggregation of corallivorous gastropds on different coral 
species, (a) Acropora tumida, (b) Pontes lobata, (c) 
Platygyra acuta, (d) more than 500 gastropods on the 
Acropora colony in A Ye Wan in July 2000. 190 
Figure 4.4 Feeding scars found in the middle of the coral colonies (a) 
or surrounded by living coral tissue (b) from some of the 
marked colonies in Tung Ping Chau. Recovery of Acropora 
tumida (c) with new coral tissue growing over the dead area 
(circle). 191 
Figure 4.5 Mean density (+ SD) of Cronia margariticola and Drupella 
rugosa and in A Ye Wan from 1999 to2001. 192 
Figure 4.6 Mean density (+ SD) of Cronia margariticola and Drupella 
rugosa and in A Ma Wan from 1999 to2001. 193 
Figure 4.7 Monthly change in mean total density (土 SD) corallivorous 
gastropods {Cronia margariticola and Drupella rugosa) in 
A Ye Wan and A Ma Wan from 1999 to 2001. 194 
Figure 4.8 Mean seawater temperature fluctuation and mean density 
, change in corallivorous gastropods in A Ye Wan and A Ma 
. Wan from 1999 to 2001. 195 
Figure 4.9 Mean cumulative percentage of area of feeding scar (+ SD) 
in Acropora tumida in A Ye Wan and A Ma Wan from 1999 
to 2001. 196 
Figure 4.10 Mean monthly percentage change (+ SD) in the area of 
feeding scar in Acropora tumida in A Ye Wan and A Ma 
Wan from 1999 to 2001. 197 
xviii 
List of Figures 
Figure 4.11 The change in corallivorous gastropod density and 
percentage of feeding scar in Acropora tumida in A Ye Wan 
from 1999 to 2001. 198 
Figure 4.12 The change in corallivorous gastropod density and 
percentage change in area of feeding scar in Acropora 
tumida in A Ma Wan from 1999 to 2001. 199 
Figure 4.13 Monthly change in predation rate on Acropora by 
corallivorous gastropods in a Ye wan and A Ma Wan from 
1999 to 2001. 200 
Figure 4.14 Regression between rate of predation of corallivorous 
gastropods on Acropora with gastropods density in A Ye 
Wan. 201 
Figure 4.15 Regression between rate of predation of corallivorous 
gastropods on Acropora with gastropods density in A Ma 
Wan. 202 
Figure 4.16 The size distribution of corallivorous gastropods, Cronia 
margariticola, in A Ye Wan from 2000 to 2001. 203 
Figure 4.17 The size distribution of corallivorous gastropods, Cronia 
margariticola, in A Ma Wan from 2000 to 2001. 204 
Figure 4.18 The size distribution of corallivorous gastropods, Drupella 
rugosa, in A Ye Wan from 2000 to 2001. 205 
Figure 4.19 The size distribution of corallivorous gastropods, Drupella 
rugosa, in A Ma Wan from 2000 to 2001. 206 
xvi 




Coral bleaching and predation of corals by corallivorous gastropods are common 
phenomena occurring in coral reefs recently. Both of them may cause high 
mortality of corals or could even change the composition or the structure of a coral 
reef. Moreover, these events do not just happen once but are recurring, suggesting 
something about changes that are going on in our environment, such as global 
wanning, pollution or the healthy stage of the reefs. Therefore, more scientists are 
attracted to study these phenomena. 
There are no true coral reefs in Hong Kong but coral communities are present around 
some of the outlying islands in the northeast. Coral research has started since 80，s, 
including studies on the taxonomy of corals (Veron 1980; Zou 1980a, 1980b), coral 
community ecology (Scott and Cope, 1980; Thompson and Cope 1980; Cope, 1986), 
reef fish (Chan and Tseng, 1980) and other associated living organisms (Mak, 1980; 
Dudgeon and Morton, 1980; Thompson, 1980). However, there have been few 
studies about some of the worldwide phenomena like coral bleaching and predation 
1 
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of corals by corallivorous gastropods in Hong Kong. Some divers or biologists had 
observed coral bleaching or outbreak of corallivorous gastropods in the past, but 
there is a lack of quantitative or qualitative studies on these topics. There is a 
shortage of a long-term coral monitoring programme in Hong Kong. 
In recent ten years, marine conservation has become an important issue in Hong 
Kong. Several marine parks and marine reserve are continuously being established 
in Hong Kong waters. Therefore, any information about coral bleaching and the 
effect of the corallivorous gastropods on Hong Kong corals will be important and 
useful for effective management of these parks as well as for future protection of 
Hong Kong marine environment. 
1.1.1 Coral bleaching 
Reef Corals 
Scleractinian corals are the main reef builders. They deposit calcium carbonate as 
their exoskeleton forming the main framework of the coral reefs. These corals may 
be colonial or solitary. They feed on zooplankton and capture their prey by using a 
series of tentacles with stinging nematocysts found around their mouth. Other 
‘ sources of food include detritus trapped on the mucus secreted around their oral disc. 
2 
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Mesenterial filaments also help in the capture of prey. 
Mutalistic relationship between corals and zooxanthellae 
Generally, corals that are responsible for reef-building are known as hermatypic 
corals while those that do not are called ahermatypic corals. Symbiotic unicellular 
algae, called zooxanthellae, live intracellularly in the gastrodermal layer of coral 
polyp. Although these corals capture zooplankton for their food, photosynthesis 
from these symbiotic algae plays an important role in host nutrition. About 95% of 
the carbon fixed in photosynthesis was found to pass to the host Stylophora pistillata 
(Muscatine et. al., 1984 in Davies, 1991). Davies (1984) also found that about 90% 
of the photosynthetically fixed energy of the zooxanthellae of Pocillopora eydouxi 
were translocated to the host in 5m of water on a cloudless day. In return, the 
inorganic wastes from coral metabolism serve as the nutrients for the algae. 
Photosynthetic activities of the zooxanthellae help to enhance the rate of calcium 
carbonate deposition of the hermatypic corals (Gattuso et al., 1999; Furla et ai, 
2000). Furla et al (2000) found that the rate of calcification of Stylophora pistillata 
in the light can be four times greater than that in the dark. Moreover, blocked 
photosynthesis led to inhibition of this light-enhanced calcification. 
3 
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What is coral bleaching? 
The different colours of corals are partly provided by the symbiotic algae. Coral 
bleaching generally involves the mass expulsion of zooxanthellae (Hoegh-Guldberg 
and Smith, 1989; Kushmaro et al., 1996; Le Tissier and Brown, 1996; Lesser, 1997), 
the loss of the photosynthetic pigments within individual zooxanthellae (Coles and 
Jokiel, 1978; Hoegh-Guldberg and Smith, 1989; Le Tissier and Brown, 1996) or both 
(Le Tissier and Brown, 1996; Hoegh-Guldberg and Smith, 1989; Jones, 1997) when 
corals are under stress. The white skeleton of the corals becomes clearly visible 
through the transparent coral tissue, and the colony looks "bleached". 
The most recent mass and severe coral bleaching events were reported in 1998. 
Mass mortality of corals by bleaching was observed in many coral reefs worldwide. 
This has prompted an increase in both field and laboratory studies on coral bleaching, 
including its causes, mechanisms and consequences. 
Mechanisms of coral bleaching 
Although coral bleaching is known to involve the loss of zooxanthellae or 
photosynthetic pigments, the underlying cellular mechanisms responsible for 
- zooxanthellae expulsion are not clearly known. Gates et al. (1992) reviewed the 
4 
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works on zooxanthellae and summarized the five mechanisms involved in 
zooxanthellae expulsion: 1. exocytosis of zooxanthellae from the host cell, resulting 
in the release of isolated algae (Steen and Muscatine, 1987); 2. apoptosis 
(programmed cell death); 3. necrosis, both resulting in the release of zooxanthellae 
associated with remnants of the host cell; 4. pinching off of the distal portion of the 
host cell, resulting in the release of zooxanthellae surrounded by the vacuolar and 
pinched off plasma membrane (Glider, 1983 in Gates 1992); and 5. detachment of 
endoderm cells from the host and the release of these intact cells containing their 
complement of zooxanthellae. 
Gates et al. (1992) investigated the cellular entities released by Hawaiian sea 
anemone Aiptasia pulchella and coral Pocillopora damicornis immediately after a 
brief exposure to low and high temperature. Under scanning electron microscope, 
the cells released appeared to be the endoderm cells of the host with cell nucleus 
visible under the plasma membrane. They therefore rejected the possibility of 
pinched off mechanism. Similar evidences involved in the release of zooxanthellae, 
i.e. the presence of visible host cell membrane, the vacuolar membrane surrounding 
the zooxanthellae, the host cell nucleus and mitochondria, were found by 
transmission electron microscopy. Furthermore, once released as a result of 
5 
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temperature stress, the host cells were found to be degraded, leaving isolated algae in 
the seawater. A positive correlation between the number of algae released and the 
total soluble protein detected in the surrounding medium after the host cells 
disintegrated further confirmed their findings. 
Fang et al (1998) also suggested that exocytosis of the host cells is an important 
subcellular mechanism for the release of zooxanthellae under mild environmental 
stress. They found that coral cells were more sensitive to heat and synthesized the 
heat stock protein at lower temperature. This was responsible for the trigger of 
algae releasing process. By using the chemical colchicine to disrupt the 
cytoskeleton network, the release of algae was inhibited. Therefore, they concluded 
that zooxanthellae had to be transported within cells via the cytoskeleton network by 
motor proteins, followed by host cell breakage to complete the release process. 
Other studies found that no single predominant mechanism was responsible for 
zooxanthellae expulsion (Brown et al., 1995). Coral tissues collected from six 
species of corals during a natural bleaching event involving bleached, partially 
bleached and fully pigmented corals were examined histologically. The six species 
of corals were subjected to increased seawater temperature, resulting in the reduction 
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of zooxanthellae density. Three different potential mechanisms of zooxanthellae 
release were identified from histological examination of the bleached tissues. They 
were: a) in situ degradation as evidenced from the appearance of disrupted and 
misshapen zooxanthellae in both partially and fully bleached material; b) direct 
release from the endoderm into the coelenteron as observed in partially bleached 
corals; and c) release of intact endodermal cells with their intracellular zooxanthellae 
as found in one species of coral with the loss of adhesion between its endodermal 
cells. Brown et al. (1995) believed that this sample was at an advanced stage of 
bleaching with only a few zooxanthellae remaining in the basal tissues. 
Causes of coral bleaching 
1. Elevated sea water temperature 
Elevated sea water temperature is most commonly believed as the causal factor of 
coral bleaching. This is supported by experimental studies (Fitt and Warner, 1995; 
Coles and Jokiel, 1978; Hoegh-Guldberg and Smith, 1989; Berkelmans and Willis, 
1999). Laboratory experimental studies were carried out by Fitt and Warner, (1995) 
to investigate the effects of high temperature on zooxanthellae living in Caribbean 
reef corals Monastrea annularis, M. cavernosa, Agaricia agaricites and A. lamarcki. 
All the coral colonies were incubated at ambient seawater temperature of 26�C, 30°C, 
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32°C and 34�C. The consequences were best illustrated with Montastrea annularis 
at 32�C. They showed both a decrease in the photosynthetic rates and P:R ratio 
(photosynthesis: respiration) and the eventual decrease in zooxanthellae density to 
become bleached. Besides, the zooxanthellae density changed at 34�C within 19 
hours before coral death occurred. However, these phenomena were not shown in 
all coral colonies that were maintained at 26°C and 30°C. Hoegh-Guldberg and 
Smith (1989) examined the corals Stylophora pistillata and Seriatopora hystrix that 
bleached rapidly when exposed to water temperatures > 30°C. These bleached 
corals also showed significantly lower population density of zooxanthellae. The 
specific expulsion rate of zooxanthellae increased by >1000 times that of the control 
colonies. Other than laboratory evidences, reports of coral bleaching in the reefs 
have been associated with unusually high sea surface temperature (Glynn, 1991; 
Brown and Ogden, 1993; Glynn, 1993; Hoegh-Guldberg and Salvat, 1995; Brown, 
1997; Jones et al., 1997; Berkelmans and Oliver, 1999; Quinn and Kojis, 1999; 
Spencer et al., 2000). Mass bleaching events occurred extensively at all sites 
visited with low density of zooxanthellae along the outer reef slope of Moorea, 
French Polynesia, in April 1994 (Hoegh-Guldberg and Salvat, 1995). They 
believed that these bleaching events were caused by the unusual warm seawater 
temperature. From the record of seawater temperature from July 1991 to August 
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1994, it was approximately r c higher in March 1994 than the highest temperatures 
recorded in 1992 and 1993 and no mass bleaching events occurred in these two 
years. 
El Nino Southern Oscilliation (ENSO) events are always associated with 
unprecedented elevations in sea surface temperature resulting in mass coral 
bleaching. ENSO periodically alters the atmospheric pressure, wind and rainfall 
patterns, ocean currents, and sea level over large areas of the tropical and subtropical 
Pacific Ocean. In 1982- 1983, a remarkably strong ENSO event resulted in intense 
and widespread ocean warming in the equatorial eastern Pacific. Severe bleaching 
accompanied this ENSO event, resulting in mass mortalities of corals around Costa 
Rica, Panama, Colombia and Ecuador (Glynn et ai, 1988). In 1997 to 1998, a more 
severe ENSO event was correlated with far more intense, larger, more prolonged 
bleaching of corals in Indian Ocean (e.g. African coastline, the Arabian coast 
Lakshadweep, Maldives, and Chagos islands and atolls), West Pacific (e.g. Great 
Barrier Reefs, Indoesian reefs), East Pacific (e.g. Reefs of Pacific Mexico, Costa 
Rica, Panama, Colombia, and Ecuador) and the Caribbean. Coral bleaching events 
took place following the occurrence of high sea surface temperatures (Goreau et al., 
. 2000; Wilkinson et al,, 1999). 
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The production of reduced oxygen intermediates, or toxic oxygen, in the 
dinoflagellate symbionts and host tissues that subsequently causes cellular damage 
and explusion of symbionts was hypothesized as one mechanism of coral bleaching 
under elevated sea water temperature (Lesser, 1997). In this study, exposure of 
corals to exogenous antioxidants, ascorbate and catalase that scavenge reactive 
oxygen species during temperature-induced stress improved maximum 
photosynthetic capacity to rates indistinguishable from corals measured at the 
ambient temperature of their site of collection. These antioxidants prevented the 
coral from bleaching, thus suggesting the mechanism hypothesized. 
2. Solar radiation 
Solar radiation also plays an important role in causing coral bleaching (Hoegh-
Guldberg and Smith, 1989; Fitt and Warner, 1995; Grottoli-Everett and Kuffner, 
1995; Le Tissier and Brown, 1996; Brown, 1997; Meehan and Ostrander, 1997; 
Berkelman and Oliver, 1999). In the studies by Hoegh-Guldberg and Smith (1989), 
the effect of solar radiation to the corals Stylophora pistillata and Seriatopora hystrix 
was investigated by exposing the corals to full sunlight, 25% of full sunlight (control) 
and 0% of sunlight. The upper surface of colonies of S. pistillata exposed to full 
sunlight became white after 10 days. Paling of colonies exposed to full sunlight 
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was due to the reduction of chlorophyll / zooxanthella ratio. However, bleaching 
did not kill the corals as the tentacles of the bleached corals could still protrude. 
From the field experiment, Grottoli and Kuffner (1995) demonstrated that different 
levels of solar irradiance would induce uneven bleaching in the coral Montipora 
verrucosa. They transplanted coral colonies from low-light environment at 10m to 
a high light environment at Im and exposed them to different light treatments, 
elevated PAR, UV-A, or/and UV-B. They suggested that PAR, UV-A and UV-B 
have a synergistic effect on bleaching in M. verrucosa resulting in a decrease in 
chlorophyll a density per zooxanthella. However, Fitt and Warner (1995) believed 
that most shallow-water corals have UV-protecting mycosporine-like amino acids 
(MAAs) that can screen out the dangerous UV-B while UV-A and blue light were 
more likely sources of synergistic light energy for bleaching. Therefore, Brown 
(1997) suggested that both stratospheric ozone, climate change that alter weather 
patterns and attenuation of UVR in the water column were factors that affect the 
amount of UVR received by corals. At the same time, Meehan and Ostrander (1997) 
also agreed that monitoring stratospheric ozone levels in the tropics is important in 
understanding bleaching events. 
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3. Salinity 
The salinity of various parts of the open ocean away from coastal areas varies within 
a narrow range, usually from 34 to with an average of 35%o- Hennatypic 
corals live optimally within the limited range of salinity from 32 to 35%o- The 
change in salinity will also exert pressure on the corals and bleaching could occur. 
Large amount of freshwater runoff from the coast to reefs can cause high mortality of 
corals (Woesik et al., 1995). Tropical Cyclone "Joy" with heavy rainfall in late 
1990 and early 1991 brought along the third largest flood in central Queensland, 
Australia and the effects of floodwaters to 3 regions of the Great Barrier Reefs were 
examined. Woesik er al. (1995) found higher coral mortality in shallow water of the 
Keppel Island reefs and the most widespread effect on the deeper colonies of 
Acropora spp. was gross swelling and lysis of the epidermal cells and loss of 
zooxanthellae from the gastrodermis, therefore bleaching. They suggested that the 
damage on corals was most likely due to a hypo-osmotic effect of low salinity. 
4. Bacterial infection 
Besides environmental factors that cause coral to bleach, bacterial infection has also 
been studied and suggested as a causing agent (Kushmaro et al., 1996, 1997，1998; 
Banin et al., 2000), although the conclusion was not straight-forward (Brown, 1997). 
12 
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Bacterial infection as a causative agent to coral bleaching was first demonstrated in 
the Mediterranean coral Oculina patagonica (Kushmaro et al., 1996). Histological 
sections of bleached tissues showed 70%-90% reduction of algal densities and the 
presence of large aggregation of rod-shaped bacteria on the border of the bleached 
zone. No large aggregation of these bacteria could be found on unbleached corals. 
Vibrio AK-1 was found to be the bacterial agent that caused O. patagonica to bleach 
and seawater temperature could also play an important role (Kushmaro et al., 1996, 
1997). It was demonstrated that corals bleached in the presence of Vibrio AK-1 at 
26°C while they did not at 16°C or in the presence of antibiotics, Kanamycin and 
penicillin-G, under .the same conditions. Kushmaro et al. (1996, 1997) suggested 
that high temperature of seawater could lower the resistance of the coral to infection 
and/or increase the virulence of the bacterium. Field observations further supported 
their hypothesis that natural bleaching of O. patagonica in the Mediterranean Sea 
occurred from late May to September, when seawater temperature reached 29°C in 
August. On the other hand, no Vibro AK-1 was isolated from the corals in the 
winter when seawater temperature was 16�C (Kushmaro et al., 1998). 
Further studies about the mechanisms of Vibrio AK-1 showed that Vibrio AK-1 
. contained adhesin and recongized jS -galactopyranosides on the coral surface. 
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Hence, adhesion to corals was an important infectious process. Moreover, seawater 
temperature was demonstrated as a critical factor in the adhesion process because 
adhesin was produced only when Vibrio strain AK-1 was grown at 25°C but not at 
16°C (Toren et al., 1998). Banin et al. (2000) further demonstrated that Vibrio 
shiloi penetrated into coral epidermis following adhesion to the coral surface. 
These bacteria then transformed into a state described as viable but not culturable 
(VBNC). Because of the VBNC state of intracellular bacteria in corals, there are 
difficulties in demonstrating that these bacteria are the causative agents of coral 
bleaching especially when compared with other culturable potential pathogens from 
other corals. Therefore, a general method for culturing intracellular coral bacteria 
has to be developed and further studies on the VBNC state of intracellular V. shiloi 
are suggested and desirable. 
5. Other factors 
Increased sedimentation primarily by anthropogenic activities e.g. land clearing, 
waste discharge, dredging and filling of coastal margin, mining of corals for 
construction and natural changes in currents, sea level, wave energy, or storm 
patterns can raise sediment levels in coastal waters. Meehan and Ostrander (1997) 
reviewed that increased sedimentation could stress corals by 1) reducing incident 
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light levels essential for zooxanthellae photosynthesis, 2) hinder feeding when more 
particles settle on the surface of the corals. 
Effects of cyanide on coral photosynthesis were studied and suggested as a possible 
causal factor of coral bleaching (Jones and Hoegh-Guldberg, 1999). Modulated 
chlorophyll fluorescence techniques were used to examine the effects of cyanide 
(NaCN) from cyanide fishing on photosynthesis of the symbiotic algae of coral 
Plesiastrea versipora. The results suggested that cyanide caused the dissociation of 
the symbiosis and therefore bleaching, by affecting photosynthesis of the 
zooxanthellae. Same results were also obtained by examining the corals Stylophora 
pistillata and Acropora aspera (Jones et al., 1999). Pulse amplitude modulation 
(PAM) chlorophyll fluorescence techniques were used to investigate the cyanide 
effect on hard corals through examining photoinhibition and photosynthetic electron 
transport in the zooxanthellae. Inhibition of enzymes of the Calvin cycle was 
suggested and the impaired zooxanthellar photosynthesis is the cue that causes corals 
to release their symbiotic zooxanthellae following cyanide exposure. 
Although many possible causal factors of bleaching have been examined, no precise 
cause can be concluded at this moment. Nevertheless, coral reefs are a dynamic 
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ecosystem such that all factors can interact with one another. 
Consequences of coral bleaching 
1. Mortality 
In coral bleaching, the corals will lose the symbiotic algae and/or photo synthetic 
pigment but corals may recover. However it is possible that mass mortality of 
corals may result from a large scale bleaching event. Unusually high water 
temperature combined with freshwater flooding event in Great Barrier Reef of 1998 
caused mass bleaching of the corals. Thirty percent of the fully bleached Alcyoniid 
soft corals Sinularia, Lobophytum and Sarcophyton colonies died after 3 months 
(Fabricius, 1999). The main cause of death was believed to be starvation due to 
failure of photosynthesis after the loss of zooxanthellae, as well as the lack of 
heterotrophic food. It was observed that the size of these coral colonies had shrunk 
by 60-80% in volume before being fouled by algae, leading to their eventual death. 
2. Recruitment 
After the bleaching event in Maldivian coral reefs during 1997-1998, the recruitment 
study showed that the dominant recruits in 1999 were different from the dominant 
. species found in the original coral community (McClanahan, 2000). The dominant 
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genus of the recruits was Pavona while this was ranked sixth in abundance in 1958 
(Scheer, 1971 in McClanahan, 2000). It is suggested that this finding could indicate 
that there would be a change in the coral species composition unless there was a 
significant compensation in growth and mortality of other coral species. 
3. Extinction 
Severe coral bleaching can cause extensive mortality of corals, this could even lead 
to extinction of some sensitive coral species. According to Fenner (2001), no coral 
extinction has yet been documented. However, the fire coral Millepora boschmai is 
probably beyond being "Critically Endangered" and should be in the "Possible 
Extinct" category. No known living colonies of M. boschmai in Panama could be 
found after the 1982-1983 El Nino warming event and subsequent bleaching (Glynn, 
1997 in Fenner, 2001). Although four young colonies were observed several years 
later (Glynn and Feingold, 1992 in Fenner, 2001), all these were killed again by the 
1998 mass bleaching. There is still a chance that this species is not yet extinct if 
living coral colonies could reappear again. Siderastrea glynni is another "Critically 
Endangered" coral. Only four known living colonies were found but they were 
bleached in the 1998 bleaching event. 
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4. Change in the community structure of coral reefs 
Mass coral mortality and even coral extinction in bleaching events can lead to change 
in the community structure of the coral reefs. The first documented bleaching 
events in Micronesia, Majuro Atoll in 1992 (Paulay and Benayahu, 1999) showed 
that dominant Acropora species e.g. Acropora digitifera, A. cerealis, A. latistella, A. 
valida, and A. nasuta were strongly affected and bleached. Subsequently 99% of 
Acropora were dead. However, there was no or only minor bleaching in other 
dominant Pontes species. The community structure of these lagoonal fringing reefs 
consequently changed from Acropora and PonYe^-dominated to PonYe^-dominated. 
A comparative study of Maldive-Chagos reefs between 1990s and 1980 showed that 
great decrease in coral coverage was most possibly associated with warm El Nino. 
Most reefs are now dominated by coralline and turf algae (McClanahan, 2000). 
One year after the warmest El Nino event of 1997-1998 marked by widespread 
bleaching of scleractinian corals, only 8% of hard coral cover was recorded and 
Pontes became the dominant species. This is in contrast to the original community 
dominated by Acropora. 
Recovery 
. Although coral bleaching is believed to be "harmful" to corals, these corals do not 
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always die. Fitt et al. (1993) reviewed the conditions under which bleached corals 
may eventually recover: 1) incomplete bleaching, where a proportion of normal-
appearing zooxanthellae remained in the coral tissue; 2) water temperature remains 
high, near the ambient yearly maximum, for moderate length of time; and 3) 
repopulation of zooxanthellae in the bleached tissue occurs relatively rapidly. More 
than 90% of the coral Montastrea annularis bleached in March 1988 but no mortality 
was observed at Carysfort Reef, Florida (Fitt et al., 1993). However, only 35% of 
the colonies appeared discolored after three months and even less than 10% of the 50 
colonies was observed to be bleached in 1989. The minimum density of 
zooxanthellae in lightly coloured corals increased from 0.1 x 1 OVcm^ in 1988 to 0.5 x 
lOVcm' in 1989. 
Severe coral bleaching occurred in Maldives in 1998. Live coral coverage 
significantly reduced from 42% to 2% six months after bleaching but increased to 
8% for the same eastern central atolls 11 months later. Some recovery can still be 
observed from mass mortality of the corals in these reefs that occurred earlier 
(Edwards et a/., 2001). 
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1.1.2 Predation of corals by corallivorous gastropods 
Corallivorous predators 
Coral reefs can maintain a high diversity of life and many organisms depend on 
corals directly or indirectly. A number of animals feed on corals. Examples of these 
include the bony and cartilaginous fishes, crustaceans (cyclopoid copepods, 
cirripedes, and brachyuran crabs), amohinomid polychaete worms (Hermodice), 
gastropods (prosobranchs and nudibranchs), certain barnacles {Pyrgoma) and 
asteroids (e.g. Acanthaster planci) (Robertson, 1970; Glynn, 1990). These 
predators can have significant effect on coral reef community. Some of the 
predators are capable of destroying the whole coral colony or even changing the 
composition of the coral reefs. 
Crown-of-thorns starfish Acanthaster planci 
The crown-of- thorns starfish Acanthaster planci is a notorious coral predator and 
caused extensive damage to many coral reefs in the Indo-West Pacific. It prefers to 
live in sheltered environments such as lagoons and also in deeper water on the 
windward slopes of the reefs in order to avoid wave action (Moran, 1986). In the 
Great Barrier Reef, A. planci was found to prefer the tabular form of Acropora. The 
. preferences of A. planci for Acroporidae were also affected by the relative abundance 
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of the coral (De'ath and Moran, 1998). 
In 1960s to 1970s, the outbreak of A. planci was reported in a number of coral reefs. 
Large number of A. planci was recorded at Green Island in 1962 (Moran, 1986) and 
greatly increased in number in the next two years. This caused almost 80% 
mortality of the live coral (Pearson and Endean, 1969 in Moran, 1986). Large 
populations of A. planci were observed in many reefs off Townsville in 1970 (Moran, 
1986). In Guam, 90% of the coral reef along 38 km of the shoreline were destroyed 
in 2 1/2 years (Chesher, 1969). Although extensive coral mortality may be induced 
by the outbreak population of A. planci, it is more important to observe how they 
affect the coral reef community. Can the corals recover after this "catastrophe"? 
Pearson (1981) surveyed the recovery of coral communities on several reefs (Feather, 
Ellison, and John Brewer). He suggested that there are many factors affecting the 
type and speed of recovery. These included type of substratum, sedimentation, 
growth rates of species, predation, further disturbances, environmental variables, 
location, recruitment, and settlement. Furthermore, Seymour and Bradbury (1999) 
found that repeated outbreak of crown of thorns starfish Acanthaster planci in Great 
Barrier Reef would cause long-term degradation of reef community. They 
. confirmed this by the use of a simple mathematical model and Bayesian statistical 
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methods. Their results showed that a clear signal of average reef recovery time is 
lengthening or the rate of recovery decreased with time. That means it is more 
difficult for reefs to recover in later years than in earlier year from the outbreak. 
This might involve changes in the species composition or changes in other ecosystem 
level components. 
Population outbreak of corallivorous gastropods 
Corallivorous gastropods attracted the attention of scientists because their "predation 
effect" to the reefs was increasingly similar to that of A. planci. Population 
outbreaks or at least, large aggregations of these gastropods have been observed from 
reefs in Kenya (McClanahan, 1994), Philippines (Moyer et al., 1982, Gumming, 
2000b), Marshall Island (Boucher, 1986), Japan (Moyer et al” 1982, Fujioka and 
Yamazato, 1983)，Australia (Osborne, 1992; Johnson et al., 1993; Black and Johnson, 
1994; Holbom et al, 1994; Gumming, 1999) and Hong Kong (Morton and 
Blackmore, 2000). The main corallivorous gastropods involved in population 
outbreak are Drupella spp., including Drupella cornus (Fujioka and Yamazato, 1983; 
Johnson et al., 1993; Johnson et al., 1993; Black and Johnson, 1994; McClanahan, 
1994; Turner, 1994a; Gumming, 1999), D. rugosa (Boucher, 1986; Gumming, 1999, 
. 2000b; Morton and Blackmore, 2000) and D, fragum (Gumming, 1999). Outbreak 
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of another corallivorous gastropod Cronia margariticola, was also reported in Hong 
Kong (Morton and Blackmore, 2000). 
Effect of corallivorous gastropods on coral reefs 
A wide range of density of these corallivourous gastropods, as well as various levels 
of coral mortality attributable to the feeding activities of these gastropods have been 
reported from reefs throughout the Indo-Pacific region. Three large aggregations of 
juvenile Dmpella rugosa at Puerto Galera, Mindoro Island, the Philippines, on the 
fringing reefs adjacent to little La Laguna beach and Big La Laguna Beach were 
observed by Gumming in 1997 with more than 2000 D. rugosa in one colony 
(Cumming, 2000b). On the other hand, mean abundance of only 0.6 D. rugosa per 
m^ was reported at Tung Tau Chau in Tolo Channel, Hong Kong (Taylor, 1980). 
Sometimes, the effect to the reef colonies can be quite severe. Boucher (1986) 
observed in 1982 an aggregation of 300-500 D. rugosa in an area of several square 
meters in Marshall Islands killing 21 colonies which ranged up to 900cm^ in size 
over a period of 2 weeks. Fujioka and Yamazato (1983) recorded the highest 
density of20/m^ for D. cornus and dozens of individuals of D. fragum aggregated on 
the fringing reef around Sesoko Island, Okinawa, the Ryukyu Island, Japan and 
. observed large area of dead skeleton caused by predation of the gastropods. 
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However, aggregation of these corallivorous gastropods would not always cause an 
acute mortality effect on the corals. From a survey conducted by Cumming (1999) 
in Lizard Island, Australia, four aggregations of -200 to >2000 Drupella were 
observed on staghom Acropora but two of them disappeared after two months while 
two remained. This survey revealed that only small proportion of prey colonies 
were damaged by Drupella grazing and only small amounts of tissue were lost per 
night. Therefore, she suggested the impact of Drupella at Lizard Island to be of low 
level and chronic. 
Preference of the corallivorous gastropods 
Based on observation on the habitat, feeding habits and stomach and faecal material, 
Turner (1994a) concluded that Drupella spp. feed on corals almost exclusively. 
Fast-growing coral species i.e. Acropora spp. and Monipora spp., seem to be most 
preferred by these predators and to a lesser degree poritids and pocilloporids (e.g. 
Demond, 1957; Robertson, 1970; Taylor, 1980; Moyer et al., 1982; Fujioka and 
Yamazato, 1983; Boucher, 1986; Cumming, 1992). Moyer et al. (1982) observed 
that the corals Acropora spp. have been heavily devastated by D. fragum. They 
hypothesized that predation by gastropods may be a biological control to "weed out" 
.. fast growing forms, thus providing more space and settlement sites for other coral 
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species. Laboratory prey-selection experiments of D. cornus and D. fragum were 
conducted by Fujioka and Yamazato (1983). Both of the gastropod species were 
tested against four species of corals: Stylophora pistillata, Pocillopora damicornis. 
Forties andrewsi, Acropora sp. (ramose species). The results of the experiment 
indicated that both species of gastropods were found on all four species of corals but 
significantly higher density of Drupella was recorded on Acropora colonies. On 
average, more than 80% of the coral tissue of Acropora was removed while feeding 
scars were very rarely observed on the other three species of corals. In a second 
experiment, these Drupella spp. were tested on two genera of corals with two 
different growth forms: Acropora sp. (ramose and tabular) and Montipora sp. 
(ramose and tabular). There was a clear tendency for D. cornus to prefer ramose 
Montipora and for D. fragum to prefer the tubular Acropora, although the preference 
was not significantly different. The relative areas of feeding scars on the coral hosts 
varied from 5 to 90%. In the field transects monitored in the Pilbara coastline of 
Western Australia, clusters and aggregations of these gastropods have been found 
principally on Acropora spp., leaving them the largest feeding scars. But Drupella 
spp. were also subsequently found on other genera including Pontes, Montipora. 
Pocillopora, Stylophora or faviid species (Hilliard and Chalmer, 1992). 
, Experiments were conducted to determine the prey preference of A rugosa among 
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several coral species in Hong Kong (Mortan and Blackmore, 2000). Acropora 
pruinosa was used as the reference species and was tested against the other five 
species: Montipora informis, Leptastrea purpurea, Pavona decussata, Platygyra 
sinensis and Favia speciosa. The results showed that Drupella rugosa fed on both 
Acropora pruinosa and Montipora informis but preferred A. pruinosa more than M. 
informis. 
Characteristics of feeding scars 
Distinct white feeding scars were left on the corals where they had been fed upon by 
the corallivorous gastropods. Green and/or pink coralline algae and/or filamentous 
algae often then colonized the white exposed skeleton. Therefore, the feeding scars 
became coloured and less obvious after a few days. Gumming (1999) pointed out 
thrqe characteristics of the feeding scars: 1. Feeding scars are always at the edge of 
the living coral tissue and never surrounded by living tissue in order to avoid 
crawling over live corals (Turner, 1994a; Gumming, 2000a); 2. A banded pattern of 
algal covering, graded from white recently killed areas to dark old scars with heavy 
algal covering was observable in corymbose species of corals; 3. Drupella preyed on 
the branch first where they clumped and remained inactive during the day. These 
. three characteristics distinguish the feeding scars by gastropod predators from that of 
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Acanthaster planci (Gumming, 2000a). 
Feeding behavior of the corallivorous gastropods 
Both field observation and laboratory experiments indicated that the corallivorous 
gastropods feed nocturnally (Brawley, 1982; Fujioka and Yamazato, 1983; Boucher, 
1986; Turner, 1994a; Gumming, 1999，2000b). However, Endean (1976 in Turner, 
1994a) reported that D. cornus fed during daylight on small acroporids in shallow 
water near the reef crest at Mid Reef, Great Barrier Reef. D. cornus was also 
observed to be feeding during both day and night on corals at the backreefs of 
Ningaloo Reef, Western Australia (Forde, 1992). It is suggested that this behaviour 
was a result of the extremely low cover of live corals in that area. On the other 
hand, Turner (1994a) suggested that this may be a result of species variability in 
feeding behaviour and may also be related to its population density. He explained 
that Drupella may be a nocturnal feeder at low population density but may be forced 
to feed also at daytime under high population density. 
Definition of population outbreak 
Although there have been many reports about the population outbreak of 
. corallivorous gastropods in coral reefs, it is important to consider the basic question: 
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What is the definition of an "outbreak" or "abnormal large aggregation" or how to 
clearly differentiate an outbreak from a normal density of them? Turner (1994a) 
pointed out that the terms used in describing population increase were "emotionally 
charged". Little long-term knowledge about the history of the corallivorous 
gastropods in the reef is available so that it is difficult to clearly distinguish between 
a normal and an abnormal density. "Outbreak" is a relatively neutral term to 
describe the unusually large number of these predators that cause extensive damage 
to the reefs (Turner, 1994a). Gumming (2000b) suggested that large aggregations of 
Drupella may be the initial stage of a population outbreak. The aggregation of 
Drupella spp. into large groups is probably a widespread behavioural phenomenon 
(Gumming, 1999). 
Causes of population outbreak of corallivorous gastropods 
No precise reasons for the outbreak of corallivorous gastropod populations have been 
established. Is this part of a natural cycle of the population growth or is it an 
indication of some change in the coral reef ecosystem? If outbreak is a 
consequence of change in the coral ecosystem, such as coral bleaching, would this 
then represent the result of some anthropogenic disturbances to the coral reefs? 
.. Increased terrestrial run-off and siltation (Turner, 1994a; Moyer et al., 1982); 
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overfishing (predation); (Brawley and Adey, 1982; McClanahan, 1990,1994; Turner, 
1994a; Fujioka and Yamazato, 1983); increased physical damage to the reefs (Turner 
1994a; Morton and Blackmore, 2000) have all been suggested to cause gastropod 
population outbreak. 
1. Siltation and sedimentation 
Boucher (1986) reported that the coral reef at Enewetak, Marshall Island was not 
subjected to massive siltation from shore activities. Storm waves may cause 
sediment resuspension, and thus increase the turbidity periodically. However, the 
first swarm of D. rugosa was observed when extensive siltation appeared on 
nearshore patch reefs caused by an unusual summer storm that occurred several 
months before. Moyer et al. (1982) also reported that D. fragum destruction in 
Toga Bay was first observed in 1980 with increasing siltation 2 years before due to 
road construction 4 years earlier. The hypothesis is that increase siltation/ terrestrial 
runoff from human activities will bring alone higher level of nutrients into the reefs, 
thus stimulate growth of the plankton, including the food source for the larvae of 
gastropods. This decreases the mortality of the larvae, resulting in population 
outbreak of the gastropods (Moyer et al., 1982; Brikeland, 1982). However, there is 
, no long term and direct study of the correlation between the nutrient level of 
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seawater with the density of corallivorous gastropod. Moreover, if run off to the 
reef carries toxic substances, this may not stimulate the survival of the larvae but 
conversely, will increase their mortality. 
2. Overfishing 
McClanahan (1990) found that within six southern Kenyan reef lagoons, the total 
gastropod densities were negatively correlated with the Balistidae (triggerfish) and 
total fish densities. A study of corallivorous snails in eight Kenyan coral-reef 
lagoons over 6 years showed that D. cornus populations increased greater in heavily 
fished reefs and a transition reef but less pronounced in the unfished parks and 
reserve (restricted fishing) (McClanahan, 1994). This suggests that the gastropod 
density could be regulated by predatory fish e.g. balistids {Balistapus undulatus) or 
some species of labrids. Therefore, overfishing in many coral reefs would decrease 
the number of gastropod eating fishes, inducing the population of the gastropods to 
increase. However, not all studies point to a significant correlation between the 
density of gastropod and fish abundance or the direct effect of excessive removal of 
important predators by human. The data obtained by Ayling and Ayling (1987 in 
Ayling and Ayling, 1992) in Ningaloo Reef, suggested that there was no necessary 
correlation between the high density of D. cornus and the low number of potential 
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major predators. Some scientists also argued that human impact by fishing 
activities may be so small relative to other factors such as variable recruitment, 
competition, predation pressure, algal productivity and catastrophic mortality (Elner 
and Vadas, 1990; Levitan, 1992). Nevertheless, if human fishing activities were 
uncontrolled and serious, many reef fishes would disappear in many coral reefs. 
This would affect the dynamics of the coral reefs, including the density of the 
gastropods. More works are obviously needed to elucidate the relationship between 
the population outbreak of these predatory gastropods and the density of their 
predators. Additional attention should be focused on the survival of the juvenile or 
sub-adult stages of .these gastropods as gastropods in these stages are likely to be 
more sensitive to direct impact from predation. 
3. Increased physical damage and stressed corals 
Increased physical damage or stress on corals is also believed to be a cause for 
gastropod population outbreak. Laboratory experiments were conducted (Morton 
and Blackmore, 2000) to examine the food choice of D. rugosa using corals 
{Acropora pruinosa) subjected to mechanical and salinity stresses. Mechanical 
stress was inflicted on the corals by scraping the living tissues of the corals with a 
. razor blade. Salinity stress was obtained by placing the corals in seawater at a 
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salinity of 20%o overnight and that of 5%o for 90 minutes immediately prior to 
experimentation. Results showed that significantly more D. rugosa were attracted 
to stressed corals. Large amount of mucus was produced by the mechanically 
stressed corals, and this attracted more gastropods to aggregate around them. It is 
believed that damaged corals were more easily preyed on by the gastropods while the 
healthy corals have their own defense system in the form of stinging neumatocytes. 
Forde (1992) suggested that Dmpella was attracted to damaged Acropora because of 
its mucous or other secretions. Further secretions from the polyps adjacent to the 
freshly eaten coral probably provided the stimulus for the gastropod to continue 
feeding. Increasing number of recreational activities contributed to more damage to 
the corals e.g. boat anchoring, careless diver disturbance and therefore, increases the 
damage of corals from the gastropods. On the other hand, some may point out that 
physical damage is naturally exerted on the corals by strong wave action or storms 
and population outbreak of gastropod also occurred in the past. However, it can be 
argued that all these natural phenomena appear continuously and the ecosystem 
should be able to "adapt" or should eventually reach an equilibrium while human 
activities leading to increase physical damage to the coral reefs are regarded as 
"unexpected" and "additional stress" to the corals. 
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Spatial distribution 
Recruitment dynamics and size distribution of corallivorous gastropods are little 
understood. This information is valuable in order to understand the natural 
variation in the population cycle of the gastropods. By using genetic studies, 
Johnson et al (1993) found that recruitment of D. cornus appeared to be patchy on a 
very fine scale, and the recruits were not randomly distributed among coral heads. 
Later, Gumming (1999) found that there was spatial separation of Drupella 
populations at Lizard Island. Individuals of D. rugosa were predominantly found on 
sheltered reef slopes while those of D. fragum were predominant on exposed reef 
crests. This pattern persisted throughout the three years of the study period. She 
explained that this pattern could be achieved by non-random recruitment. Further 
genetic studies are needed to evaluate the relatedness within and between the groups 
of recruits and adults in these reefs. 
1.2 Introduction of Study Sites 一 Tung Ping Chau 
Tung Ping Chau at 114° 26，E and 22° 33，N, is an isolated island located in the 
northeastern most part of the New Territories, Hong Kong SAR, China (Fig 1.1 A). 
.. It is a popular place for hiking, swimming or diving by local Hong Kong people and 
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tourists. This island itself has unique rocky landscape that attracted many visitors. 
There are two main patches of coral communities located at A Ma Wan (AMW) and 
A Ye Wan (AYW) in the north, NE side of the island (Fig. I.IB). Coral patches in 
Tung Ping Chau do not have extensive framework of carbonate deposition. As is 
true for other coral formations around Hong Kong, these corals grow directly on 
bedrock. At least 37 species of scleractinian coral have been recorded from Tung 
Ping Chau. Most corals are living in a very shallow water region between Im to 3m 
below Chart Datum (CD). Massive corals e.g. Platygyra sinensis and Pontes 
lobata are the common and dominant species specially in shallow water (<-2m CD) 
while Goniopora columna is dominant in deeper water (>-3m CD). At least 131 
species of reef fish belonging to 39 families have also been recorded. None of these 
are .the dominant top level predators. More than 40 species of marine algae and a 
variety of other invertebrates, including crustaceans, sea urchins, sea cucumbers, 
tubewonhs, gastropods, bivalves and soft corals have also been observed. 
The coral patches in A Man Wan are more extensive than those in A Ye Wan. 
Isolated coral heads may be found at a depth of -8m CD in A Ye Wan but not in A 
.. Ma Wan. Although corals are the dominant features in both of these coral patches, 
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these corals could be covered by a large amount of red, brown and green drifting 
algae during winter. A Ye Wan is more exposed to waves during NE monsoon. It 
is located closer to human population whereas A Ma Wan is more sheltered. The 
micro-environment of these two coral patches is likely to be different. 
Tung Ping Chau has become a marine park in November 2001. These two coral 
patches in A Ma Wan and A Ye Wan are part of the core protected area where any 
form of fishing and other recreational activities are strictly prohibited. 
1.3 Objectives of the Study 
Coral bleaching and predation on corals by corallivorous gastropods are two 
important phenomena in coral reef. They could alter the community structure of a 
coral reef. Mass coral bleaching events have been reported in many coral reefs 
around the world and outbreak population of corallivorous gastropods appears to be 
t 
increasingly observed. Hong Kong is located in the subtropical region of the Indo-
west Pacific while reef formation is not extensive, it nevertheless supports a number 
of coral patches. The importance of these coral patches is increasingly being 
appreciated by the people. Porites lobata and Acropora tumida seem to be the most 
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susceptible coral to bleaching and predation by corallivorous gastropods respectively 
in Tung Ping Chau. There is however, no long-term study and monitoring of 
bleaching event in Hong Kong, nor was there any long term monitoring on the 
possible effects of corallivorous gastropods on Hong Kong corals. These 
information are critical and complementary to conservation efforts being undertaken 
to protect Hong Kong corals. This research, therefore, has the following objectives: 
a. to monitor the extent of coral bleaching and predation by corallivorous 
gastropods in Tung Ping Chau; 
b. to investigate how the coral, Pontes lobata, responds to and recovers from 
bleaching; 
c. to assess the effect of corallivorous gastropod predation on the coral Acropora 
tumida., 
d. to study some aspects of the biology of corallivorous gastropods i.e. size 
structure, food preference and feeding behavior. 
1.4 Structure of This Thesis 
This thesis is mainly divided into five chapters and a description of the content of 
» , 
each chapter is given below: 
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Chapter One - General Introduction. 
This chapter provides a literature review on different aspects of coral bleaching and 
predation on corals, an overview of the researches about HK corals, a description of 
the study sites in Tung Ping Chau and the objectives of the research. 
Chapter Two - Coral bleaching and predation by corallivorous gastropods in 
the coral communities of A Ye Wan and A Ma Wan, Tung Ping Chau. 
This chapter describes the studies on the coral coverage in both A Ma Wan and A Ye 
Wan, two main coral communities in Tung Ping Chau, with emphasis on the extent 
of coral bleaching and predation of corals by the corallivorous gastropods. 
Chapter Three - Study on bleaching in the coral Porites lobata in Tung Ping 
Chau. 
This chapter provides the results of a 20 month monitoring of bleaching event 
associated with colonies of Porites lobata, including changes in the density of their 
symbiotic zooxanthellae and chlorophyll a concentration over different seasons 
between bleached and unbleached corals. 
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Chapter Four 一 Predation on Acropora tumida by corallivorous gastropods 
Cronia margariticola and Drupella rugosa. 
This chapter describes the results of a 20 month monitoring on the effect of predation 
on colonies of Acropora tumida. Rate of predation at different seasons, density and 
size structure of corallivorous gastropods {Drupella rugosa and Cronia margariticola) 
and environmental factors that may affect the behaviour, recovery of corals to 
predation and biology of the gastropods were evaluated. 
Chapter Five - Summary and Conclusion. 
This chapter gives- a summary of the findings in this study and a perspective on the 
significance and implications of this research. 
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Figure I .IB. Aerial view of Tung Ping Chau, showing the two study 
sites，A Ye Wan and A Ma Wan located on the North, 
Northeast shore of the island. 
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Figure I . IA Map of Hong Kong showing the location of Tung Ping Chau. 
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Chapter Two 
Coral Bleaching and Predation by Corallivorous Gastropods in the 
Coral Communities of A Ye Wan and A Man Wan, Tung Ping Chau 
2.1 Introduction 
Coral reef communities are dynamic systems that are constantly changing. They 
are structured by the interaction between growth and destruction. Factors 
contributing to this change are both physico-chemical and biological. The former 
includes waves, current, temperature, salinity and the latter includes diseases, 
predation and competition. Anthropogenic effects also contribute significantly to 
this change. Many coral reefs are reported to be experiencing degradation, resulting 
in a phase shift from a coral dominant community to one that is dominated by other 
organisms. Predation on corals by corallivorous gastropods or other invertebrate 
and coral bleaching are two important phenomena found to cause mass mortality of 
corals in coral reefs around the world in recent years. It is widely believed that 
these phenomena are indications of stresses that the coral reefs are facing as a result 
of significant changes in the marine habitat at the global level (e.g. due to global 
. warming). Moreover, coral bleaching is strongly believed to be rising either in 
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frequency or severity (Glynn, 1991，1993; Hoegh-Guldberg and Salvat, 1995; Brown, 
1997). 
A 40 months study of a Caribbean reef community from 1994 to 1998 (Ostrander et 
al” 2000), with 10 permanent transects examined every 3-9 months, indicated that a 
massive bleaching event was experienced by the corals resulting in a significant 
decline in coral abundance. When the study started in 1994, the coral reef 
community had apparently reached some balance in abundance between corals and 
macroalgae. However, this massive bleaching event led to the decline in coral 
abundance and a,significant increase in macroalgal dominance. This effect was 
compounded by the hurricane, which appeared to have facilitated algal dominance. 
This phenomenon was not a transient event. Many other coral reefs also underwent 
substantial changes in their structure. The predatory activities of the gastropod 
Drupella on corals could also result in the depletion of corals and the subsequent 
dominance of algae. These predators scraped away the coral tissues, exposing the 
underlying white skeletons. These exposed skeletons would then be colonized by 
coralline, turf or filamentous algae, thus adversely affected the recovery of the corals. 
. Glynn (1976) studied the physical and biological factors that determined the coral 
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community structure in three coral reefs off the Pacific coast of Panama from 1970 to 
1975. Physical environment or physical factors (e.g. light, sediment transport) were 
found to be more important in controlling coral growth in shallow water. However, 
biological process (e.g. competition, predation, bioturbation and mutualism) seemed 
to effect more influences on the deeper coral community. High spatially and 
temporally variable live coral coverage on the reef flat and periodic occurrence of 
extreme low tide were found. Coral exposure was believed to be the main reason 
for these variabilities. The corals would be exposed completely during the period 
of extreme low water. Mass coral mortality was observed in 1974 on reefs in the 
Gulf of Chiriqui and in the Pearl Islands when the tide was the lowest since the dry 
season of 1971. The dominant corals, Pocillopora spp.，became white by losing 
their tissue within a few days after exposure. Moreover, algae began to grow on the 
coral skeleton after 2 to 3 weeks and these new algae were then heavily grazed by 
fishes such as acanthurids and scarids. On the other hand, destruction by 
corallivores and disruptive effect by bioturbation were more important in affecting 
the deep coral population. All scleractinian coral species were eaten by the 
vertebrate and invertebrate corallivores in the Pacific reefs of Panama and the 
important predator was the starfish Acanthaster. The coral colonies would be 
. scraped, nipped or fragmented and therefore, the chances for the predators to prey 
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would also increase. In that same study, fragments of corals were usually found to 
be more favorable than the whole colonies for Acanthaster to prey. The coral 
symbionts (e.g. crustacean symbionts) could normally give a certain level of 
protection for the coral colonies against the corallivores. The tube feet or 
ambulacral spines of the starfish would be grasped by the chelae of these symbionts 
(i.e. crabs). This type of protection would be lost once the corals were fragmented. 
Moreover, the time for Acanthaster to mount on the coral head became shorter after 
the crustacean symbionts were removed. Fishes feeding on coral symbionts would 
increase the susceptibility of the corals to predation by breaking off the corals when 
they were removing their prey. Therefore, the reduction of competitive capacity 
and survival of corals were believed to be closely linked in deep water environment. 
Hong Kong is located on the southern coast of China. It is influenced by the 
freshwater discharge from the Pearl river to the west. Only very isolated heads of 
corals may be found in this largely estuarine region. However, in the east and 
northeast, Hong Kong coastal area is exposed to true marine conditions. With the 
influences of Taiwan current in winter, and Kuroshio and Hainan currents in summer, 
Hong Kong marine water experiences a temperature as low as 14�C in Winter 
(February), and as high as STC in summer (July). This makes Hong Kong a truly 
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subtropical region. 
There are 70 species of scleractinian corals reported from Hong Kong (Ang et al., 
2000) and these corals are mostly restricted in the northeast and eastern shores as 
these areas are relatively far from the pollution sources and the influence of the Pearl 
River. Although some general studies in Hong Kong coral communities have been 
carried out since 1980's, these were mainly concentrated in Hoi Ha Wan (Cope, 1982, 
1986; Cope and Morton, 1988). Hoi Ha Wan is a small embayment in the northeast 
that became the first Hong Kong marine park designated in 1996. There are more 
extensive coral communities elsewhere within Hong Kong waters and some basic 
biological surveys in these areas need to be carried out. With rapid economic 
development in Hong Kong in the 80’ s and now in Shenzhen north of Hong Kong, 
coral communities in Hong Kong are under constant threat of destruction. 
There is, however, a lack of detailed study on coral predation and bleaching in Hong 
Kong. Extent of coral predation or bleaching may be a good indicator of the 
general health of Hong Kong coral communities. Tung Ping Chau is a small island 
in northeast Hong Kong. It has been established as a marine park in November 
. 2001 to protect the extensive coral community on its northeastern shore. Coral 
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bleaching and predation by corallivorous gastropods have also been observed in 
Tung Ping Chau. 
As quantitative baseline data are important to assess in more details the effects of 
bleaching and predation in a coral community, a general survey was carried out 
seasonally (average once every 3-4 months) to evaluate the overall status of the coral 
communities in two study sites, A Ye Wan (AYW) and A Ma Wan (AMW), Tung 
Ping Chau using line transects / quadrats. This study provided the baseline data on 
coral distribution and abundance with emphasis on the extent of coral bleaching and 
coral predation by corallivorous gastropods. 
2.2 Materials and Methods 
2.2.1 Quantitative surveys 
Coral species diversity, coverage, extent of bleaching and predation by corallivorous 
gastropods in A Ye Wan and A Ma Wan, Tung Ping Chau were examined seasonally 
by SCUBA from 1999 to 2001, covering a total of 7 seasons: Summer (Jul - Sep 99), 
Autumn (Oct - Nov 99), Winter (Dec 99 -Feb 00)，Spring (Mar - Jun 00)，Summer 
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(Jul — Sep 00), Autumn (Oct - Nov 00) and Winter (Dec 00 - Feb 01). Detailed 
description of the structure of these two study sites are given in Chapter 1. 
For each site, transect lines were laid parallel to the shore at three water depths. 
Because of differences in the bottom topography, the transect lines were set at Im, 
1.5m and 3m below chart datum (CD) in AYW and -Im, -2m and -2.5m CD in 
AMW. At each water depth, three 30m transect lines were randomly laid. A 50 x 
50cm2 quadrat was placed along the transects at 2m interval. All the corals within 
the quadrat were identified and video taped by an underwater video camera using 
Hi8 Tapes. The-species and number of corals that were pale in colour or were 
bleached, were found to be preyed by gastropods, and the number of gastropods on 
the coral colonies within the quadrat were recorded in situ. 
Video tapes were played back in the laboratory. The images were captured in a 
computer and the areas of coral were determined by an image analyzer (Image Pro 
Plus 5.0 Media Cybernetics). Area of the corals within the quadrat along a total of 
nine transect lines in each site was calculated. The areas calculated were further 
classified into live coral, dead coral, live Acropora, dead Acropora and 
‘ bleached/paled coral (coral tissue, mainly that of Pontes lobata, that was obviously 
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pale or white in appearance). Dead coral is defined as the dead coral skeleton that 
has already been colonized by the coralline algae or turf algae, and the recently dead 
coral as skeleton without any live coral tissues. Dead Acropora consisted of the 
white coral skeleton of Acropora spp., mainly Acropora tumida, that was exposed 
due to recent predation by corallivorous gastropods and the skeletons that have been 
colonized by algae. Total live or dead coral cover was expressed as a percentage of 
the total areas of all quadrats along each transect and the average of the three 
transects was then the overall percentage coral cover at each water depth. The 10 
most dominant coral species by area cover at each depth were also identified. 
2.2.2 Quantifying the colour of corals, Pontes lobata, in Tung Ping Chau 
Complete bleaching of coral always involves the whitening of the coral colonies, i.e. 
when the skeleton of the coral becomes visible. However, in most cases bleaching 
is not complete and the colour of the coral simply changes to a lighter shade. The 
degree of paling of the colour is difficult to quantify. More often than not, it is very 
subjectively classified based on visual inspection alone. To address this problem 
and to strike a certain level of consistency in quantifying the degree of paleness, 
. corals showing discolouration in this present study were quantified in term of their 
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colour intensity using the image analyzer. The result was more objective and 
standardized that allows comparison to be made on the "paleness" of the corals in 
different seasons. 
For this purpose, the corals were video taped seasonally in AYW and AMW during 
general survey. Five images of coral heads of Pontes lobata in each season were 
captured in the computer. Within each image, six points were randomly chosen and 
their colour intensity measured by the image analyzer. The mean colour intensity 
was then calculated as the true colour intensity of that colony in that season. 
Visually, the colour of Pontes lobata colonies was darkest in Autumn. Greater 
colour variation among colonies of Porites lobata was observed in summer and 
winter. Some of the coral colonies did not look pale visually although they still 
appeared to be lighter in colour than those observed in Autumn. These colonies 
were classified as "normal", and those which appeared obviously paler in colour 
were classified as "paled". Algal bloom occurred in spring and most of the coral 
colonies were partially or wholly covered by the drifting algae during this time. 
The colour of the corals was largely affected by the shading effect of the algae and 
therefore, images of coral colonies in spring were excluded in this comparison of 
. colour intensity of coral images from different seasons. 
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2.2.3 Physical parameters 
Seawater temperatures of Tung Ping Chau were being monitored regularly since 
1997, using the "MINILOG (Vemco, Halifax, Canada) underwater temperature 
probes. The probes are located in AMW at -Im CD and —3m CD. These probes 
take a record of the seawater temperature every half an hour. In addition to 
temperature data, other weather conditions, including daily global solar radiation and 
total rainfall were adopted from the records of the Hong Kong Observatory from 
August 1999 to April 2001. 
2.2.4 Data and statistical analysis 
Comparison of coral cover in A Ye Wan and A Ma Wan among seasons and water 
depths were examined. The data were first tested to see if they would satisfy the 
assumptions of the parametric statistical test. Non parametric statistics was used 
after several attempts at data transformation failed to satisfy the parametric 
assumptions. The percentage coral cover at different water depths and seasons in 
AYW and AMW were analyzed by Kruskal-Wallis Test. For the extent of bleached 
. corals in the two study sites, data were presented as: 1. proportion of paled area over 
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total flat area of Pontes corals and 2. proportion of Pontes colonies that became 
paled over the total number of Pontes colonies encountered during the transect 
survey. Moreover, colour intensity of corals was examined to quantify the level of 
bleaching in term of pixel. Monthly mean sea water temperature, total rainfall and 
global solar radiation were also considered in the analysis. 
For the extent of the predatory influences in the study sites, density of corallivorous 
gastropods found on Acropora colonies was expressed as mean (土 SD) at different 
water depths. The density of these gastropods was evaluated in terms of dead and 
live coral cover oiAcropora spp. 
2.3 Results 
2.3.1 Live coral cover in A Ye Wan and A Ma Wan 
Seasonal change of coral cover in both AYW and AMW was examined from the 
summer of 1999 to winter of 2000-2001 and data for a total of 7 seasons were 
recorded. In AYW, there was no significant difference in the live coral cover over 
.. the study period and at different depths (Table 2.1 and Figure 2.1). However, corals 
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were likely more abundant in shallow water than in deeper water (Figure 2.1). 
Individual transects showed coral cover as high as 50% in shallow water (-Im CD) 
while the highest cover in deeper region (-3m CD) was 36%. Extensive algal 
bloom from winter 99 to spring 00 increased the algal cover to 12% at -Im CD and 
35% at -3m CD in AYW (Figure 2.2). These drifting algae, mainly Hypnea 
charoides, Ulva lactuca and Colponmemia sinuosa (Figure 2.3), would slightly 
reduce the live coral coverage in spring 00 primarily because some of the corals 
would be covered by these algae. However, no significant difference in the coral 
cover was found (Kruskal-Wallis Test, p>0.05). 
For AMW, no significant difference (Kruskal-Wallis Test, p>0.05) in coral cover 
over time and among different water depths was detected as well (Table 2.2 and 
Figure 2.4). Moreover, unlike in AYW, no consistent pattern of change in coral 
cover was found among water depths in AMW (Figure 2.4). Individual transects 
showed a live coral cover as high as 63% in shallow water and up to 45% in deep 
region. However, generally, coral cover is higher in shallow water (-Im CD) than 
in deeper water (-3m CD). Macroalgal bloom appeared to be more extensive in 
AMW than in AYW (Figure 2.2) and more than 50% of algal cover was recorded at -
. 2m CD. 
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Platygyra spp. and Goniopora columna were the most dominant coral species 
respectively in shallow and deep waters in both AYW and AMW (Figures 2.5 to 
2.10). The other common coral species found in Tung Ping Chau included mainly 
members of Faviidae, although members of Poritidae were also found. Pavona 
decussata for example, appeared to exhibit a higher cover in AMW than in AYW. 
2.3.2 Proportion of Pontes lobata paled 
Results of this general survey indicated that Pontes lobata was one of the dominant 
massive species in Tung Ping Chau (Figures 2.5 to 2.10). It appeared to be most 
susceptible to coral bleaching. Individuals of this species were always the first or 
the only ones which exhibited loss of colour or paling during both summer and 
winter. They appeared to suffer more severe loss colouration in AMW than in 
AYW. This is true for both summer and winter. 
No bleaching or paleness of coral colonies was observed in autumn. The 
proportions of Pontes lobata colonies that became partially or wholely paled in 
AYW and AMW during different seasons are summarized in Tables 2.3 and 2.4. 
‘ The paled coral colonies tended to be slightly more in number in deeper water (-3m 
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CD in AYW and -2.5m CD in AMW) in winter. However, more paled colonies 
were found in shallow water in summer. In addition, more proportion of Pontes 
colonies became pale in winter 99 than in winter 00. 
Percentage of areas becoming paled in colour was much higher in winter than in 
summer in both sites (Figures 2.11 and 2.12). In AMW, more than 90% of the 
surface area of Porites lobata became paled in winter 1999. In spring, bloom of 
drifting algae covered most of these corals, resulting in loss of colour due to shading. 
In summer, paling oiPorites lobata was also observed but at a lesser extent. Paling 
of colour was observed more severely in the upper part of the colonies. All 
colonies retained their normal colouration (deep brown) in autumn. During 
subsequent winter, most colonies would become paled again (Figure 2.13). In 
winter, coral colonies would appear milky white with all polyps tightly retracted. 
However, the coral tissues very rarely became totally transparent. Usually, only 
part of the Porites colony would bleach with white skeleton becoming visible under 
the tissues (Figure 2.14). Only few isolated coral colonies appeared completely 
bleached. 
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2.3.3 Changes in color intensity of Pontes lobata between seasons 
Colonies oi Pontes lobata exhibited deepest colouration in autumn in both AYW and 
AMW (Tables 2.5 and 2.6). The intensity of colour, as measured in the image 
analyzer, could reach as high as 0.47 pixel among individuals from AMW. 
Comparing between different seasons, the colour intensity of the coral colonies was 
significantly higher in autumn than that in summer (normal and pale) and winter in 
both sites (Tables 2.5 and 2.6). Although some of the corals were observed visually 
to be pale in summer, they were not significantly different from those that appeared 
normal in their colour intensity (One-way ANOVA, p>0.05). 
For colonies that showed paleness in summer and winter, the highest mean colour 
intensity was only around 0.26 for those from AYW and 0.199 for those from AMW 
(Tables 2.5 and 2.6). The lowest colour intensity of paled colour individual reached 
as low as 0.07 pixel in winter in AYW. Although colonies showed paleness in 
summer and winter, their colour intensity was not significantly different (One- way 
ANOVA, p>0.05) between these two seasons in AMW. The case was different in 
AYW where coral colonies exhibited significantly (One-way ANOVA, p<0.05) 
. deeper colouration in summer than in winter. 
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Colonies for AYW showed significantly higher colour intensity than those from 
AMW (One-way ANOVA, p<0.05) during summer (including both pale and normal 
colonies) but there was no significant difference (One-way ANOVA, p>0.05) in 
colour intensity between the two sites in autumn and winter. 
2.3.4 Density of corallivorous gastropods 
Corallivorous gastropods, Dmpella rugosa and Cronia margariticola, were recorded 
seasonally from both sites (Figures 2.15 and 2.16). There was much higher density 
of corallivorous gastropods in summer than in any other seasons, with the lowest 
being recorded in winter in both AMW and AYW. These corallivorous gastropods 
were commonly observed to aggregate on Acropora spp. (mainly Acropora tumida). 
At least 88% of the gastropods recorded in both sites were found on Acropora spp. 
(Figure 2.17). A few were observed on other corals like Platygyra sinensis, Pavona 
decussata and Favia speciosa. As most of the gastropods were found on Acropora 
spp-, the density of these gastropods per m^ of Acropora spp were further calculated 
from the transects in each site (Figures 2.18 and 2.19). In summer time, density of 
gastropods per m^ of Acropora spp. could reach up to 570 in AYW at -1.5m CD (see 
. also Chapter four for more details in permanent quadrat). Generally, water depth 
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and density of gastropods appeared not to be closely related. No particular water 
depth was likely to attract more gastropods in both sites. Although higher density 
of gastropods was found in shallow water (-1.5m CD) in AYW and deep water in 
AMW (-3m CD) during the study period, the difference was not statistically 
significant. Similarly, no significant difference in the density of gastropods could 
be found among different water depths in Autumn 00 in AMW (ANOVA, p>0.05). 
Although the density of gastropods had reached up to 129 per m^ of Acropora at -
2.5m CD, there was less than 4 in shallow water (Figure 2.19). 
2.3.5 Percentage coverage of live and dead Acropora tumida 
No consistent or clear pattern could be found from the proportion of live and dead 
Acropora tumida in both AYW and AMW (Figures 2.20 and 2.21). Although the 
gastropod density was much higher in summer in both sites, it did not give a higher 
proportion of dead Acropora nor lower proportion of live Acropora. Similarly, no 
higher proportion of live Acropora in winter was observed when the gastropod 
density was the lowest in that season. 
»t 
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2.3.6 Physical parameters 
a) Seawater temperature 
There was no large difference in the pattern of monthly mean seawater temperature 
fluctuation in the last 4 years from 1997 to 2001 (Figure 2.22). The difference was 
always within VC for the same month between years. The exception being between 
December 1999 to March 2000 when the temperature was 2.1 to 3 � C lower than for 
the same months in previous years. Moreover, the coldest daily minimum seawater 
temperature was 14.5°C recorded in February 2000 and March 2000. The 
comparison between shallow and deep water temperatures is shown in Figure 2.23. 
Generally, no great differences among water depths were found except in summer 
period. Because thermocline was usually established, shallow water was more than 
4°C higher in temperature than in deep water in July and August 1997. However, 
only smaller differences of about 0.5�C to 1.4�C were recorded in seawater 
temperature between deep and shallow water in 1998-2000. 
b) Total Rainfall 
The record of total rainfall was obtained from the Hong Kong Observatory. The 
. raining season in Hong Kong usually starts from spring in April and ends in the late 
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summer. The total monthly rainfall could decrease to less than 15.7mm in 
November 99 and increase to as high as 600mm in August 00 (Figure 2.24). Total 
rainfall in August 99 and September 99 seemed to be much higher than that of the 
same months in 2000 but no abnormal amount of total rainfall was reported from 
Hong Kong during this study period. The high rainfall in August 99 however, may 
be induced by the typhoon during that period of time. The highest signals of 
typhoon no. 8 and no. 10 were recorded in August 99 and September 99 respectively 
but there was only typhoon signal no. 3 recorded in the same months in 2000. 
c) Global Solar Radiation 
Mean global solar radiation was also obtained from August 99 to April 01 from the 
Hong Kong Observatory. During the study period, there seemed to be no large 
fluctuation in solar radiation between years and the highest global solar radiation was 
recorded during summer period (from May to September). This decreased from 
Autumn (October) to winter (Figure 2.24). 
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2.4 Discussion 
2.4.1 Live coral cover in A Ye Wan and A Ma Wan 
The results of this general survey showed no large difference in the live coral cover 
in AMW and AYW over time from 1999 — 2001. No large mortality of coral was 
found in both sites. This lack of significant change in coral cover over a two year 
period was a result of the slow growth rate of corals, and perhaps also a lack of large 
disturbance over the same period. Although some small decrease in coral cover 
was observed in spring in both AYW and AMW, this was probably due to the 
coverage of corals by algae, thus reducing the proportion of live coral cover, rather 
than an actual loss of coral cover due to death. This reflects the overall stable 
condition of coral communities in Tung Ping Chau. 
Macrbalgae increased in abundance from winter to spring, with large amount of 
drifting algae usually observed. More than 35% of algal cover could be found in 
both sites. These macroalgae were commonly composed of Ulva lactuca, 
Colpmenia sinuosa and Hypnea charoides (Figure 2.3). These covered the smaller 
coral colonies and therefore, resulting in more than 50% decrease in coral cover in 
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spring 00, particularly in AMW. During this period of time, contraction of coral 
polyps was also observed, probably a result of constant brushing of algae on the 
corals. There were many reports of reefs dominated by fleshy algae in the 
Caribbean since the 1980s (Carpenter, 1990; Hughes, 1994; Shulman and Robertson, 
1996). Most of these cases involved the degradation of coral reefs (e.g. results of 
mass mortality of corals by bleaching, predation and coral disease) and a "phase 
shift" from abundance of coral to abundance of macroalgae. No such phase shift 
could be said of the coral community in Tung Ping Chau as natural die back of these 
algae would occur in the summer under relatively high seawater temperature of 3 r C . 
There was also no mass mortality of corals by bleaching or due to predation, hence 
no tremendous increase in the substratum for the attachment and growth of these 
macroalgae. 
Although no mass bleaching of corals was observed in both sites, only isolated coral 
heads' of Platygyra sinensis, Goniopora columna. Pontes lobata were found to 
bleach in both summers of 1999 and 2000. However, partial bleaching, with some 
parts of the coral colony appearing white, could be observed in many colonies 
(Figure 2.14). Pontes lobata appeared to be most sensitive. They became mostly 
. paled in summer and winter. Elevated seawater temperature is believed to cause 
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bleaching of corals (see Chapter One). Even 1 � C increase in seawater temperature 
from normal could trigger mass coral bleaching. The seawater temperature records 
in AMW (Figure 2.22) indicated less than 1 � C difference in the four summers from 
1998 to 2001 (July and September). This may explain why no mass bleaching of 
corals was observed in Tung Ping Chau. Within this same period especially in 1998, 
extensive bleaching of corals was reported in many other parts of the world. Other 
factors like salinity and solar radiation could also contribute to coral bleaching. 
These other factors may prove to be more important to coral bleaching in Tung Ping 
Chau than increase in temperature. 
2.4.2 Bleaching of Pontes lobata in summer and winter 
Porites lobata appeared to be most sensitive to environmental change and most 
susceptible to bleaching. Only colonies of Porites lobata were commonly found to 
pale in colour during summer and winter. This is in contrast to that found by 
Hoegh-Guldberg and Salvat (1995), in Moorea, French Polynesia where Porites spp. 
were the least susceptible to coral bleaching while Acropora spp. showed most 
severe bleaching and Pocillopora spp. being the intermediate ones. Paulay and 
� Benayahu (1999) also showed that bleaching caused the alteration of community 
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Structure of affected lagoonal fringing reefs of Micronesa from Acropora and Pontes 
dominated to Pontes dominated. In Tung Ping Chau, Pontes spp. including Pontes 
lobata. Pontes columna and Pontes cylindrica (these last two are relatively less 
abundant) were the ones that lost their colour first. The reason for Pontes spp. to 
be so susceptible to bleaching in Hong Kong than in other coral reefs is unknown 
Pontes lobata was the top five dominant species in both AYW and AMW (Figures 
2.5 to 2.10) and in both shallow and deep waters. There must be protective or 
adaptive mechanisms already developed within these species to allow them to grow 
successfully in Tung Ping Chau. Sub-lethal bleaching has been hypothesized as an 
adaptive mechanism that provides an opportunity for the host to be repopulated with 
a different type of symbiotic partner and frequent stress tended to favor a stress-
resistant combination (Buddemeier and Fautin, 1993). On the other hand, Fitt et al.’ 
(1993) indicated that sub-lethal bleaching was more likely in partially bleached 
colonies and there was no evidence to indicate that zooxanthellae were being 
repopulated. They strongly suggested that zooxanthellae regrew from the existing 
algae within the colonies after bleaching. Differential mortality or expulsion of 
zooxanthellae strains during bleaching events may increase stress resistance by the 
loss of weaker strains or changes in the abundance of selected strains (Quinn and 
� Kojis, 1999). Different strains of zooxanthellae within a colony are believed to 
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exhibit differences in environmental adaptation (Fitt et aL, 1993). In Tung Ping 
Chau, a 48 hour complete burial experiment was done on corals Pontes lobata, 
Goniopora columna and Platygym sinensis (Wong, 2001). Tissue loss and tissue 
necrosis were found in Goniopora columna and Platygym sinensis. However, 
Pontes lobata appeared bleached only and could finally recover. Bleaching may be 
one of an adaptive mechanisms for Pontes lobata to defend against environmental 
stresses for successful survival in Hong Kong turbid marine environment. 
More than 60% and 40% of Pontes lobata showed a loss of colouration respectively 
in AMW and AYW (in terms of coral surface area) in shallow water in the summer 
of 2000. More colonies of Pontes lobata paled in shallow water (-Im to -1.5m CD) 
than in deep water and none was observed to lose their colour at -2.5m CD in AMW 
..(Figure 2.12, Table 2.4). Thermocline is usually established at around —3m CD 
along northern shore of Tung Ping Chau during summer and so seawater temperature 
is slightly higher in shallow than in deeper regions (Figure 2.23). Most of the 
colonies lost their colour in their upper part (Figure 2.13) that is presumably exposed 
to higher solar radiation (Figure 2.24). With low tide occurring at day time during 
summer, this may enhance the intensity of UV penetration. Figure 2.25 was taken 
from the period of lowest low tide in July 2000 and most of the corals in shallow area 
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were out of the water. The coral heads were exposed to sunlight directly during the 
day or received fresh water from rainfall. All these, together with high seawater 
temperature, may be stressful to corals but not enough to cause extensive coral 
bleaching. In June 2001，much more cases of bleaching were observed in different 
species of corals in Tung Ping Chau and other coral communities in Hong Kong 
(personal observation). The heavy rainfall in June combined with typhoons (Hong 
Kong Observatory recorded the historically highest monthly total rainfall of June in 
2001) may have lowered the seawater salinity significantly to trigger extensive coral 
bleaching. 
Although elevated seawater temperature is believed to cause bleaching, cold 
seawater temperature could also cause bleaching especially for Pontes lobata in 
Tung Ping Chau. This temperature effect appears to be more severe in winter than 
in summer. Pontes lobata appeared milky white and much paler in the winter of 
99-00 and 00-01 than in the summer of 2000 (Figure 2.13). Due to lower solar 
radiation, low rainfall and the absence of a thermocline in winter, whole colonies of 
Pontes lobata would be exposed to similar conditions so the whole colony became 
pale in colouration. Contraction of polyps was also observed at the same time. 
Slightly higher percentage of Porites lobata lost their colour in deeper than in 
64 
Chapter Two - General Survey 
shallow waters in both sites and more than 90% of the corals paled at -2.5m CD in 
AMW in the winter of 1999-2000. Coral bleaching caused by cold seawater 
temperature was observed in Arabian Gulf (Coles and Fadlallah, 1991). A series of 
cold fronts passing over the western Arabian Gulf from December 1988 to March 
1989 produced the longest period of sustained low water temperatures ever recorded 
in a coral reef area. The absolute minimum water temperatures during the entire 
period were 11.4�C on 19-20 January and the temperature did not rise above 16°C for 
62 days at Manifa. The few Acropora colonies found in this zone were dead and 
Platygyra colonies ranged from becoming very pale to dead. However, Pontes 
compressa, the principal reef-former in this area and various other faviid corals 
showed only sub-lethal effects and appeared normal after six months. Laboratory 
studies of tropical sea anemones Aiptasia pulchella and A. pallida exposed to 
subnormal temperature (cold shocked) and then rewarmed to ambient temperatures 
indicated that there was dissociation of zooxanthellae from the endoderm as a result 
of cold shock and then expulsion of zooxanthellae from the coelenteron after 
rewarming (Muscatine et al., 1991). Moreover, the severity of bleaching varied 
with cold stock temperature and duration. Although the mechanism of 
zooxanthellae release after cold shock is unknown, it is believed that the 
thermotropic effects on host cell membranes could be involved. Accordingly, all 
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these evidences supported the observation that cold seawater could cause stress to 
corals and trigger coral bleaching. 
The records of seawater temperature in AMW (Figure 2.23) indicated that the water 
temperature decreased to an average of about 20�C in December and the lowest was 
recorded in February at 17�C. There was more severe bleaching of corals in the 
winter of 99-00 than in the winter of 00-01. This was correlated with a 3°C lower 
seawater temperature in the winter of 1999-00 than in 2000-01. This colder 
seawater temperature may have further induced Pontes spp. to bleach in AMW 
(Figure 2.12). However, this was not the same case in AYW. Both in terms of 
percentage of coral area and the number of Pontes colonies that bleached, there was 
no significant difference between the two winters (Figure 2.11 and Table 2.3). 
There was no in situ records of temperature in AYW and the temperature profile in 
AYW may not be the same as that in AMW. Nonetheless, Pontes lobata was the 
most susceptible species to cold stress in both sites while other coral species did not 
show the same response. 
There is some interesting contrast in the response of Pontes spp. in Tung Ping Chau 
with that of other Pontes species in other parts of the world. In Tung Ping Chau, 
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colonies of Porites spp. were the ones that responded to cold temperature by losing 
some of their colouration while other species exposed to the same condition did not. 
Whereas Pontes compressa in the Arabian Gulf (Coles and Fadlallah, 1991) was the 
one that survived the cold temperature shock while many other species in the same 
area were killed. There is some consistency in the apparent variation in inter-
specific but intra-generic responses, i.e. that of showing similar sub-lethal effect to 
cold water temperature. This ability to elicit a sub-lethal response may be an 
adaptive mechanism that allows different species of Porites to survive over a large 
geographical region. 
2.4.3 Colour intensity of Porites lobata in different seasons 
Most of the documents recording the bleaching of corals classify the loss of 
colouration of corals into different categories, for example pale, very pale and 
bleached. This classification was always determined in situ visually and 
subjectively. Different observers may therefore not agree on the degree of 
bleaching expressed in terms of the degree of colour loss. This makes comparison 
between studies difficult. Although the density of zooxanthellae and chlorophyll a 
of the corals has been used to reflect the degree of bleaching (see Chapter 3 for more 
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details), this is destructive. Quantifying the colour intensity of corals may provide a 
standard method to classify the degree of paling of corals or degree of colour lost or 
bleaching more objectively and systematically. 
In this study, the corals in autumn were used as the control or a standard for normal 
colour of P. lobata because they showed the deepest colour among the four seasons. 
Colour intensity was around 0.4 to 0.5 pixel on average while the highest reached 
was 0.64. In summer, although no paling of colour of some P. lobata colonies was 
observed visually, these "normal coral" also showed significantly lower colour 
intensity when compared with that of the autumn samples. The colour intensity was 
only around 0.3 to 0.4 pixel. For those which were observed visually to be pale in 
colour, the colour intensity was even lower. In winter, the colour intensity of most 
pf the milky white corals was only around 0.1 to 0.2 pixel and some could even 
reached as low as 0.07. Therefore, these results clearly indicated seasonal change 
in the colouration of the corals. 
Coral bleaching is always associated with zooxanthellae counting and chlorophyll a 
concentration determination. However, it is often difficult to classify the level of 
bleaching whether visually or by knowing the density of zooxanthellae and 
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chlorophyll a. Fluctuation of zooxanthellae or chlorophyll a concentration may not 
always be reflected in colour change or vice versa. What is more critical is that 
using this method, it is not possible to monitor the bleaching process of the same 
coral colonies without damaging the corals themselves. Continuous monitoring of 
the same coral colonies over a period of time will be possible when using image 
analyzer to evaluate change in the colour intensity. Moreover, the level of coral 
bleaching can be classified more systematically and a more standardized index 
(parameter) could be used for comparison. Any subjective definition of the level of 
coral bleaching may be avoided. 
Nonetheless, the colour intensity of a coral can be affected by the direction of the 
incident light, weather, shadow effect or the angle at which the video image was 
..taped. These factors should be taken into consideration during analysis. 
2.4.4 Predation on corals by corallivorous gastropods 
The corallivorous gastropods {Cronia margariticola and Drupella rugosa) did not 
form large aggregations in other corals except in Acropora spp. Most of the studies 
showed that Acropora was usually most severely preyed by these gastropods (see 
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Chapter One for review). In the present study, more than 88% of the corallivorous 
gastropods were found on Acropora tumida which is likely to be their major food 
source in Tung Ping Chau. 
Overall, the density of the corallivorous gastropods was highest in summer and 
lowest in winter. However, where had they gone in winter was unknown. These 
gastropods may be hiding in between crevices under the coral colony. Furthermore, 
more gastropods were found in shallow water or in deep water in AYW and AMW 
respectively, however, the difference was not statistically significant among water 
depths. The distribution of the corallivorous gastropods was highly clustered. 
These gastropods usually aggregated together on a single colony of coral. This 
resulted in very large variation (i.e. large standard deviation) in the density of these 
,,gastropods among the different transects (Figures 2.18 and 2.19). Much higher 
density of the gastropods was found at -1.5m CD during summer in AYW than in 
AMW where the density could reach up to 570 individuals /m^ oi Acropora but only 
136 individuals /m^ of Acropora in AMW at -2m CD. These gastropods started to 
disappear in autumn when the seawater temperature dropped. However, unusually 
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It is assumed that the dead areas observed on Acropora spp. were mainly caused by 
predation. Proportion of live vs. dead areas of Acropora spp. was therefore 
calculated in order to evaluate the severity of predation effect from these 
corallivorous gastropods in Tung Ping Chau. Population outbreak of corallivorous 
gastropods caused mass mortality of corals in many coral reefs. In this study, no 
obvious relationship between gastropod density and dead area of Acropora sp. was 
observed. There was also no record of mass mortality of Acropora sp. nor that of 
other corals. Apparently, the predation effect was not severe. More detailed study 
on the predation effect of corallivorous gastropods on Acropora spp. especially 
Acropora tumida, is given in Chapter 4. 
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Table 2.1 Results of Kruskal-Wallis Test comparing differences in 
the coral cover among water depths within seasons in A 
Ye Wan. n=3 for water depths. 
Seasons df Chi-square P 
Summer 99 2 0.267 
Autumn99 2 1.689 
Winter 99 2 O ^ 
Spring 00 2 O ^ 
Summer 00 2 5.956 
Autumn 00 2 2.489 
Winter 00 2 l A ^ 
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Table 2.2 Results of Kruskal-Wallis Test comparing differences in the coral 
cover among water depths within seasons in A Ma Wan. n=3 for 
water depths. 
Seasons df Chi-square p 
Summer 99 2 1.689 0430 
Autumn99 2 J M l 0T77 
Winter 99 2 
Spring 00 2 4356 O J u 
Summer 00 2 5.422 0.0660 
Autumn 00 2 1.076 
Winter 00 2 1.422 
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Table 2.3 Percentage of Porites colonies from transects that became pale in 
colour in different seasons at different water depths in A Ye Wan . 
from 1999 to 2000. Actual number of colonies indicated in ( ) . 
Water Depth 
Seasons  
-Im CD -1.5m CD -3m CD 
Autumn 99 Nil m 
Winter 99 54% (14) 67% (8) 77% (23) 
Spring 00 Nil Nil Nil 
Summer 00 23% (7) 32% (7) 3% (1) 
Autumn 00 Nil Nil Nil 
Winter 00 38% (8) 40% (10) 48% (13) 
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Table 2.4 Percentage of Pontes colonies from transects that became pale in 
colour in different seasons at water depths in A Ma Wan from • 
1999 to 2000. Acutal number of colonies indicated in ( ) . 
Water Depth 
Seasons  
-Im CD -1.5m CD -3m CD 
Autumn 99 Nil Nil Wl 
Winter 99 78% (14) 77% (20) 65% (20) 
Spring 00 Nil Nil Nil 
Summer 00 33% (4) 33% (4) 0% (0) 
Autumn 00 Nil Nil Nil 
"Winter 00 61% (11) 33% (3) 33% (7) 
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Table 2.5 Colour intensity (Mean pixel + SD) of different coral heads of 
Pontes lobata taken at different seasons in A Ye Wan. 
Coral head Summer Summer Autumn Winter 
(normal) (pale) (Normal) (pale) 
1 0.337 0.270 0.399 0.165 
2 0.298 0.267 0.399 0.240 
3 0.290 0.245 0.513 0.146 
4 0.320 0.253 0.453 0.186 
5 0.294 0.265 0.432 0.134 
Mean 0.308 0；260 o J ^ 
O S ^ Omi 0 4 7 0：^ 
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Table 2.6 Colour intensity (Mean pixel + SD) of different coral heads of 
Porites lobata taken at different seasons in A Ma Wan. 
Coral h e a d S u m m e r Summer Autumn Winter 
(normal) (pale) (Normal) (pale) 
1 0.283 0.156 0.438 0.172 
2 0.281 0.166 0.551 0.187 
3 0.260 0.220 0.429 0.159 
4 0.263 0.197 0.563 0.210 
5 0.269 0.227 0.387 0.266 
Mean O J ^ O l ^ o l ^ 
OJOlO 0：032 0：0^ 0 M 2 
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•  Figure 2.1 The mean percentage cover (+ SD) of live coral at different 
depths in A Ye Wan from 1999 to 2000. 
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Figure 2.2 The mean percentage cover (+ SD) of algae between A Ye Wan 




Chapter Two - General Survey 
inn 
(a) (b) • • 
l ™ i i 9 B S B 
(c) (d) 
Figure 2.3 Common algae in Tung Ping Chau. These become dominant and cover 
the corals from winter to spring, (a) Colpomenia sinuosa, (b) Ulva 
lactuca, (c) Hypnea charioides and (d) coralline algae. 
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Figure 2.4 The mean percentage cover (+ SD) of live coral at different water 
depths in A Ma Wan from 1999 to 2000. 
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Figure 2.6 The 10 most abundant coral species in different seasons at -1.5m 
CD in A Ye Wan from 1999 to 2000. 
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Figure 2.5 The 10 most abundant coral species in different seasons at -Im 
CD in A Ye Wan from 1999 to 2000. 
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-2m CD in A Ma Wan from 1999 to 2000. 
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Figure 2.11 Mean percentage (+ SD) of individual colonies of Porites lobata 
that became pale in colour between seasons at different water 
depths in A Ye Wan from 1999 to 2000. 
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Figure 2.12 Mean percentage (+ SD) of individual colonies of Pontes 
lobata that became pale in colour between seasons at different 
water depths in A Ma Wan from 1999 to 2000. 
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Figure 2.15 The mean density (+ SD) of corallivorous gastropods (Cronia 
margariticola and Dmpella rugosa) at different depths in A Ye 
Wan from 1999 to 2000. 
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Figure 2.16 The mean density (+ SD) of corallivorous gastropods (Cronia 
margariticola and Druepella rugosa) at different depths in A 
“ Ma Wan from 1999 to 2000. 
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Figure 2.17 Percentage of the corallivorous gastropods {Cronia margariticola 
and Drupella rugosa) that were found on Acropora spp. at different 
water depths in A Ye Wan and A Ma Wan from 1999 to 2000. 
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Figure 2.18 The mean density (土 SD) of corallivorous gastropods {Cronia 
margariticola and Drupella rugosa) per m^ of Acropora spp. at 
different depths in A Ye Wan from 1999 to 2000. 
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Figure 2.22 Monthly mean (+ SD) seawater temperature with mean daily 
maximum (Max) and mean daily minimum (Min) seawater 
. temperature in A Ma Wan from 1997 to 2001. 
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Figure 2.23 The comparison of mean seawater temperature between shallow 
(-Im CD) and deep (-3m CD) water in A Ma Wan from 1997 to 
2000. SD of mean not shown. 
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Figure 2.24 Total rainfall and daily global solar radiation for Hong Kong from 
1999 to 2001 (Hong Kong Observatory). 
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Figure 2.25 Photos showing the lowest low tide in Tung Ping Chau with 




Chapter Three — Coral Bleaching 
Chapter Three 
Study on Coral Bleaching, Pontes lobata, in Tung Ping Chau 
by using Permanent Quadrats 
3.1 Introduction 
Symbiotic zooxanthellae are closely related to their coral host. A beneficial 
relationship is maintained between them. However, when corals are under stress 
e.g. when there is fluctuation in seawater temperature or salinity, increase of solar 
radiation or sedimentation, bacterial infection or in the presence of contaminants 
such as oil and herbicides, they would usually expel their zooxanthellae or the 
zooxanthellae would lose their pigmentation. This resulted in bleaching (Coles and 
Jokiel, 1978; Kobluk and Lysenko, 1994; Woesik et al., 1995; Kushmaro et al., 1996; 
Brown, 1997). 
Although there have been worldwide reports of severe coral bleaching in the last few 
years, e.g. in 1998，resulting in mass mortality of corals or alternation of coral reef 
structure, there was no large scale bleaching of coral nor mass coral mortality 
observed in Hong Kong. Overall monitoring of the main coral areas in Tung Ping 
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Chau to evaluate bleaching condition and predation effect was carried out by 
seasonal general survey (Chapter 2). Bleaching of isolated coral colonies belonging 
to several species was observed. Of these, Porites lobata (Figure 3.1) appeared to 
be most frequently affected. 
In order to further evaluate the condition of bleaching among colonies of Porites 
lobata, permanent quadrats were set up in A Ye Wan and A Ma Wan on colonies of 
this species. The area of each colony that bleached, rate of bleaching and recovery 
were examined. Moreover, the response of coral colonies to bleaching, in terms of 
changes in their zooxanthellae density and chlorophyll a concentration was also 
investigated seasonally to obtain a better understanding of the mechanisms of coral 
bleaching. This chapter reports on the results of this study. 
3.2 Materials and Methods 
3.2.1 Study sites 
This study was carried out in Tung Ping Chau (see Chapter 1 for detailed description). 
Porites lobata was one of the dominant coral species in both A Ye Wan and A Ma 
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Wan, especially in shallow water. Bleaching was observed to affect this species 
most. Colonies oi Pontes lobata were marked and monitored in both sites. 
3.2.2 Permanent quadrat monitoring 
Twenty colonies of Pontes lobata in each site were haphazardly chosen from the 
depth of - Im to -2m CD in July 1999. A 0.25m^ quadrat was placed over each 
colony and two comers of the quadrat were marked by nails to serve as the 
permanent markers. These markers were numbered so the same colony could be 
identified and revisited. Each quadrat was further divided into 25 smaller squares. 
The outline of each colony and the dead area of the coral within the quadrat was also 
recorded on a writing slate. Any changes in the size and colour of the colonies were 
,monitored monthly. The size of each colony within the quadrat was recorded by an 
underwater video camera. The total area of each colony, the area that became pale 
in colour or any area that became bleached were then measured using Image Pro. 5.0 
on image captured in a computer during play back of the recorded video tape. 
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3.2.3 Corals sampling for zooxanthellae density and chlorophyll a 
concentration analysis 
Ten small (<10cm x 10cm) pieces of the coral Pontes lobata were collected 
seasonally from different colonies in both AYW and AMW starting from April 2000 
for a total of four seasons. The collected samples were placed in ice and 
transported to the laboratory for further analysis. During the course of this study, 
no serious bleaching of Porites colonies was observed. However, some colonies 
showed some loss of colouration, especially during summer. Hence, 10 of these 
pale coloured coral samples, in addition to 10 normal coloured ones, were collected 
from both sites in summer (August 2000) for comparison. 
„ 3.2.3.1 Tissue collection 
Coral tissues from each individual collected sample were removed using an air 
blaster attached to the compressed air tank (Figure. 3.2). Each coral was held in a 
filter ftinnel and coral tissues dislodged by the compressed air were collected in the 
beaker below. Each coral sample was blasted as completely as possible until the 
white skeleton was exposed. The coral tissues collected were placed in a 15ml 
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centrifuge tube and stored in ice immediately, 
3.2.3.2 Zooxanthella counting 
The coral tissues were transferred to a 50ml volumetric flask and diluted with filtered 
seawater to a final volume of 50ml. They were then homogenized for 30 seconds. 
This ensured that no clumps of tissues remained, but would not damage the 
zooxanthellae. Three sub-samples (about 0.4mm^ each) were taken from each coral 
sample and placed on Neubauer haemocytometer slides. Lens paper with 75% of 
alcohol was used to clean the slides before loading the samples. All the cells within 
the four grids of the slide were counted unless the number of cell in one grid was 
more than 100，then only the cells within the 4 comer squares of each grid were 
,counted. The number of zooxantehllae cells was counted and its density per coral 
area was then calculated. 
3.2.3.3 Chlorophyll a determination 
Chlorophyll a was extracted from 1ml of coral tissue with 9ml of 100% acetone in 
the dark for 24 hours. The coral samples were then centrifliged in a Beckman GS-
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15R centrifuge and absorbances were read at the wavelengths of 750, 664, 647 and 
630nm in a Genesys 5 spectrophotometer. Chlorophyll a concentration was 
calculated using the equations of Jeffery and Humphrey (1975) as follows: 
Chlorophyll a concentration ()ag /ml): 10 x [11.85 x (abs.664 - abs750) - 1.54 x 
(abs.647 - abs750) - 0.08 x (abs.630 - abs.750)]. 
3.2.3.4 Determination of coral surface area 
After the coral tissues were removed, the remaining skeleton was bleached and dried. 
The blasted area of the coral skeleton was then covered with a single layer of 
aluminum foil. The aluminum foil was removed and weighed. A standard 
regression curve was derived using different known areas of aluminum foil and their 
respective weight. The area of the coral samples was then estimated from the 
weight of the aluminum foil that was used to cover the coral based on this curve. 
3.2.4 Data analysis 
Mean zooxanthellae density, chlorophyll a concentration per zooxanthella and per 
cm^ of coral area were determined in order to investigate the mechanisms of 
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bleaching in each site. Kruskal-Wallis Test was used to examine any changes 
between seasons. If there was significant difference, post hoc comparisons were 
done and shaper Bonferroni procedure was applied. 
3.3 Results 
3.3.1 Monitoring of bleaching of Pontes lobata in permanent quadrat 
Out of the 40 permanent quadrats set up in both AYW and AMW to monitor Pontes 
colonies, two in each site were lost. Two other colonies died completely after 20 
months of monitoring. No mass bleaching of corals occurred during this 20-month 
study period from 1999 to 2001 (see also Chapter Two) and none of the Pontes 
, co lonies within the permanent quadrats were completely bleached. There was no 
difference in the appearances of the Pontes colonies within the quadrats as compared 
with those observed in the general survey (see Chapter Two). 
In general, results of the monitoring indicated that the health of colonies of P. lobata 
could be divided into five main states at different seasons: (1) During summer (both 
in 1999 and 2000 from June to early September), the colonies became pale in colour, 
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although some appeared tan at the top region of the colonies (Figure 3.3). (2) 
During autumn (from October to early December, 1999 and 2000)，colonies appeared 
in deep colour and polyps were always extended (Figure 3.4). (3) In winter, (from 
late December to February in both 1999-2000, 2000-2001), Pontes colonies 
appeared milky white or very pale and polyps always appeared contracted, layers of 
mucus were found to cover the whole colonies at times (Figure 3.5). (4) From late 
winter to early spring (usually from January to March), much more macroalgae 
increased in abundance. These macroalgae were large enough to totally cover some 
Pontes colonies and therefore, most of the colonies were found with polyps 
contracted. Besides, coralline algae or other filamentous algae were commonly 
observed growing on the surface of the Pontes colonies (Figure 3.6). (5) Finally, in 
early spring, a lot of barnacles were found to have settled and growing on the 
colonies of Pontes lobata. More than 90% of Pontes colonies of the permanent 
quadrats in A Ye Wan were overgrown by barnacles (Figure 3.7.)- However, the 
situation was not as severe in A Ma Wan. The barnacles were in high abundance 
(about 3-4 per cm^ of coral) in April 2000 but decreased or died gradually in the 
subsequent months. Coral tissues were observed to overgrow and cover the dead 
barnacles from August 2000 on. Similar cycles were observed from 1999 to 2001 
although with differences in the magnitude of each effect. There was a decrease in 
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macroalgal cover in February of 2001 (Choi and Ang, 2002) and not many barnacles 
were observed to be growing on Pontes colonies in April of 2001. 
3.3.2 Density of Zooxanthellae in Porites lobata 
Although no complete bleaching was observed in Porites lobata during this period of 
observation, significant differences in the zooxanthellae densities within coral 
colonies among seasons was observed (Figure 3.8). For both sites, the highest 
density of zooxanthellae was found in autumn. In general, the number of 
zooxanthellae per cm^ of corals decreased when the corals were losing their colour in 
summer and winter. However, only significantly lower density of zooxanthellae 
was found in summer when compared with those corals showing very deep colour in 
„ autumn (sharper Bonferroni, p<0.05). This is particularly so for corals in AYW in 
summer (Figure 3.8). Although corals in AYW also appeared very pale in colour 
during winter, the density of their zooxanthellae (2.6 x 10^ per cm^ of coral) was not 
significantly different from that recorded in autumn in corals that showed very deep 
colour. Therefore, the zooxanthellae density of corals in winter was also 
significantly higher that that of corals in summer (sharper Bonferroni, p<0.05), 
despite the fact that corals in both seasons were very pale in colour (Figure 3.8). 
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The results observed for corals in AMW were different from those observed in AYW. 
Although corals in AMW also showed the deepest colour and highest density of 
zooxanthellae (2.31 x 10^  per cm^ of coral) in autumn, their zooxanthellae density 
experienced a greater drop in winter (1.15 x 1 p e r cm^ of coral) (Figure 3.8). This 
difference, however, was not statistically significant (sharper Bonferroni, p>0.05). 
Nonetheless, the zooxanthellae density of corals in autumn was significantly (sharper 
Bonferroni, p<0.05) higher than that in those "pale" corals in summer. 
3.3.3 Concentration of Chlorophyll a in Pontes lobata 
Results of seasonal changes in the concentration of chlorophyll a in colonies of 
Pontes lobata are shown in Figure 3.9. Samples collected in autumn also showed 
^ the highest concentration of chlorophyll a in both sites. Similar pattern of seasonal 
fluctuation of chlorophyll a concentration in Pontes lobata was observed in both 
sites but the magnitude of change was very different between sites. In AYW, the 
lowest concentration of chlorophyll a was found in summer in colonies that showed 
pale colour. This was significantly lower than that observed in winter samples 
(sharper Bonferroni, p<0.05). However, no significant difference in chlorophyll a 
concentration was observed among corresponding samples from AMW. Coral 
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colonies losing their colour ("paling") in both summer and winter showed a 
significantly lower concentration (sharper Bonferroni, p<0.05) of chlorophyll a when 
compared with coral colonies in autumn. The spring samples showed a 
concentration very similar to that in autumn samples as well. 
3.3.4 Chlorophyll a per zooxanthella 
For AYW, although the chlorophyll a concentration of the discoloured colonies 
decreased significantly in summer, there was no significant difference (sharper 
Bonferroni, p>.0.05) in the concentration of chlorophyll a per zooxanthella between 
the discoloured samples and the normal samples (Figure 3.10). There was also no 
difference in the concentration of chlorophyll a per zooxanthella between the 
samples collected in summer and winter. However, coral colonies from spring and 
autumn have significantly higher concentration (sharper Bonferroni, p<0.05) of 
chlorophyll a per zooxanthella than those in summer and winter (Figure 3.10). 
For coral colonies from AMW, concentration of chlorophyll a per zooxanthella was 
highest in summer normal samples. This concentration, however, was not 
significantly different (sharper Bonferroni, p>0.05) from that of other samples 
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collected at different seasons except for that collected in winter (Figure 3.10). 
3.4 Discussion 
No serious bleaching of colonies of Porites lobata within the permanent quadrats 
was observed during the 20 month period of monitoring. Some colonies however, 
showed some degrees of discolouration in summer as well as in winter. Seawater 
temperature and solar irradiation are likely to be two of the main causes of coral 
discolouration in Tung Ping Chau during the study period. There is no doubt that 
seawater temperature in Tung Ping Chau during summer is much higher than that 
during the rest of the year so that increased seawater temperature may have caused 
the expulsion of zooxanthellae from the corals or the loss of their pigments. 
—Moreover, some of those corals also showed lower colouration in the upper part of 
the colonies. Greater exposure to solar irradiation may also partly explain the loss 
of colour in these colonies. Bleaching of Goniastrea aspera in Thailand was 
reported to be induced during periods of subaerial exposure with high sun altitude 
and irradiance (Brown et aL, 1994). Andrea et al, (1995) showed that the bleaching 
response of Montipora verrucosa colonies varied significantly depending on the 
spectral quantity and quality of solar irradiance that each area of colony was exposed 
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to. Coral bleaching, therefore may not be uniform across the entire colony. In 
Tung Ping Chau, the lowest low tide occurred in summer. Exposure of coral heads 
to direct sunlight and shading of other parts of the colony likely resulted in different 
degrees of bleaching over different parts of the colony. Interesting though, other 
coral species also were exposed to the same condition as did Pontes lobata, but they 
did not show any obvious bleaching nor discolouration. 
In autumn, the seawater temperature dropped and the coral colonies were not 
exposed to air during low tide. The colour of the coral colonies appeared deepest 
and with coral polyps extended most of the time even at day time. Seawater 
temperature continued to decrease with the coming of winter and these same coral 
colonies appeared slightly milky white in colour with some appearing to be much 
“ paler than they used to be in summer. A mucus layer was also found covering the 
colony surface with the polyps usually retracted. Cold stress is likely to cause 
discoloration in these corals as well (see also Chapter Two). Laboratory study 
showed that the dissociation of zooxanthellae from the anemone {Aiptasia spp.) 
increased with longer duration of cold shock (greatest expulsion after 2.5 hours) or 
increase expulsion with higher cold stress (released 55% of zooxanthellae at 4°C) 
. (Muscatine et al., 1991). Moreover, rewarming of the water temperature was also 
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critical in the expulsion of the zooxanthellae. Cold stress caused zooxanthellae to 
dissociate from the endoderm and to stay in the coelenteron. They were then 
expelled when rewarmed. Moreover, the higher the rewarming temperature, the 
higher amount of zooxanthellae released. Rewarming was essential but not the 
primary stimulus for dissociation of zooxanthellae from the endoderm (Muscatine et 
al., 1991). Similar phenomena were shown on corals from the Seychelles Islands. 
The coral colonies (which were cold stressed at 12�C to 18°C for 4 hours) released 
zooxanthellae after rewarming. Low seawater temperature was believed to cause 
coral bleaching or death of corals in the Arabian Gulf (Coles and Fadlallah, 1991). 
During the winter of 1988 to 1989 a series of cold fronts passed through the Gulf and 
reduced water temperatures. The minimum temperature fell below 11.5�C. Severe 
mortality of the corals Acropora pharaonis and Platygyra daedalea occurred. 
Besides, other species which were more abundant at the reefs displayed reduced 
coloration ranging from pale to very pale. Apparently, thermal limit was different 
for different species of corals and when the seawater temperature was close to or 
higher/lower than this limit, this stress caused the bleaching of the corals. In Tung 
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Abundant growth of seaweed, mainly Sargassum spp., Hypnea charioides, 
Colpomenia sinuosa and Ulva spp. occurred every year in Tung Ping Chau in winter 
and spring. These drifting seaweeds tended to cover the coral colonies, causing the 
coral polyps to remain retracted. Within the permanent quadrats, some small 
colonies could be entirely covered by these drifting algae. These colonies also 
appeared very pale under the seaweed cover. Drifting seaweed could cut down 
>90% of light penetration hence could impair the photo synthetic ability of the 
zooxanthellae as well as hinder the ability of the corals to capture food. All these 
may weaken the corals, and directly or indirectly reduce the ability of the corals to 
fend off other settling invertebrates. After die back of the seaweed in April 2000, 
many barnacles were found growing on the surface of the Pontes lobata colonies. 
More than 90% of these colonies were overgrown by barnacles. However, similar 
, s i tua t ion of extensive barnacle colonization on coral surface was not observed in 
2001. This may be because the coverage of seaweed in 2001 was not as high as that 
in the previous year and therefore, the corals were not weakened to the same extent. 
It is of course possible that for some other reasons, less number of barnacle larvae 
was available for recruitment in 2001. 
Experiments carried out by Mascarelli and Williams (1999) to examine the effects of 
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bleaching on the ability of coral Montastraea annularis to resist algal invasion and to 
regenerate damaged tissue suggested that bleached coral with lower density of 
zooxanthellae would be less able to prevent algal colonization and to promote tissue 
regeneration and healing. Most other corals in Tung Ping Chau, including the most 
dominant Platygyra acuta, were not colonized by barnacles either in 2000 or in 2001. 
Barnacles were mainly observed to colonize colonies of Porites lobata, the same 
colonies that showed extensive loss of colour during winter. There appears to be a 
good correlation between coral colonies that experienced winter bleaching and those 
that were subsequently colonized by barnacles in spring. Nonetheless, most of 
these corals can overgrow the barnacles attached on their surface a few months later. 
Hence, no extensive mortality of Porites lobata occurred and this species remains 
one of the most dominant coral species in Tung Ping Chau. 
Bleaching, or discolouration of corals, may be a result of the loss of zooxanthellae, 
the loss of pigments in the zooxanthellae, or both. Porites lobata coral colonies in 
/ 
both AYW and AMW showed discolouration during summer and winter, 1999 and 
2000. They were darker in colour in the spring and autumn. For corals from both 
AYW and AMW, the deepest colour exhibited by the coral colonies in autumn was 
correlated with the highest density of zooxanthellae found. Decreasing light 
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intensity with shorter day length in autumn may have contributed to the increase in 
zooxanthellae density in order to compensate for a lower photosynthetic activity. 
While both high temperature in summer and low temperature in winter may have 
caused coral bleaching, the mechanism involved may be different. For corals in 
AYW, the zooxanthellae density was lowest in summer (1.5 x 10^ cells per cm^ of 
coral), but not in winter (2.63 x 10^ cells per cm^ of coral), and the zooxanthellae 
density between autumn and winter samples was not significantly different. This 
suggests that the loss of colour in summer samples was associated with the loss of 
zooxanthellae but the loss of colour in winter samples was not. Similar changes in 
zooxanthellae density were also found in the colonies of Pontes lobata in summer 
and winter of 1999 which were 1.51 x 10^ cells per cm^ of coral and 3.29 x 10^ cells 
per cm^ of coral respectively (Yeung, 1999). For corals in AMW, the condition 
appeared to be slightly different. Both summer and winter samples (2000) had 
lower zooxanthellae density (significantly different can be found in summer) than 
those from autumn, suggesting that in both cases, this loss of colour was due to loss 
of zooxanthallae. It is not clear why such a difference existed between the samples 
from these two sites. 
Changes in chlorophyll a concentration in coral colonies between seasons revealed 
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the other mechanism involved in discolourion of these corals from both sites (Figure 
3.8). There was a significant decrease in chlorophyll a concentration in coral 
samples from autumn to winter in AYW with no significant difference in their 
zooxanthellae density. This suggests that the discolouration of winter coral colonies 
in AYW was mainly due to the loss of algal pigment, rather than loss of 
zooxanthellae. On the other hand, there was an increase in the density of 
zooxanthellae in those corals that showed normal colour in summer in AYW but with 
a lower chlorophyll a concentration when compared with the spring samples. This 
resulted in a significant decrease in the chlorophyll a concentration per zooxanthella 
(Figure 3.10)., This indicates that for these coral colonies that did not bleach during 
summer, the normal colour was maintained by an increase in zooxanthellae density. 
For coral colonies in AMW, significant loss of zooxanthellae resulted in 
proportionally decrease in chlorophyll a concentration among seasons. There was 
therefore no significant difference in the chlorophyll a concentration per 
zooxanthella among the coral samples examined at different seasons. These results 
indicate that the loss of zooxanthellae was the main cause of discolouration in 
Pontes lobata colonies, although loss of chlorophyll a, without the corresponding 
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Such intraspecific variability in the responses of corals to different environment 
conditions has also been observed elsewhere. Edmunds (1994) reported differences 
in the susceptibility of clonal coral genotypes of Pontes pontes to thermal bleaching. 
Different patterns of bleaching in nature may be partially explained by the different 
tolerances of different strains of the symbiotic algae in corals (Rowan and Powers, 
1991; Fitt and Warner, 1995). No evaluation was carried out to study the diversity 
of zooxanthellae genotypes found between or within colonies of Pontes lobata from 
Tung Ping Chau. It is likely that such variability exists and differences in the 
responses of these colonies towards summer and winter may be a result of the 
presence of different genotypes of zooxanthellae among individual colonies. 
Compared with massive bleaching of corals reported in many parts of the world in 
the past, the discolouration of Pontes lobata in Tung Ping Chau in summer and 
winter of 1999 and 2000 was relatively mild. Such "bleaching" event may be part 
of a natural seasonal fluctuation related to seasonal environmental changes e.g. 
seawater temperature, solar radiation intensity and tidal range. A relatively larger 
scale of bleaching involving diffiprent species of corals in Tung Ping Chau was 
observed in 1997 due probably to excessive rainfall. A 6-year field study of the 
population density of zooxanthellae within the coral Acropora formosa in a shallow 
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lagoon in Mauritius (Fagoonee et al., 1999) showed that the zooxanthellae densities 
in autumn and winter were three times of those in spring and summer. These 
workers suggested that bleaching events are likely to be part of a constant variability 
in zooxanthellae density with strong seasonal cycle. Similar seasonal cycle was 
also observed in a study by Brown et al. (1999) on four species of corals {Coeloseris 
mayeri, Goniastrea retiformis, Porites lutea and G. aspera) at Phuket, Thailand, 
indicating that zooxanthellae density and algal chlorophyll concentration were 
generally maximal at the end of the wet season and minimal at the end of the dry 
season. 
Peak of zooxanthellae density in corals differs for different species at different places. 
While the highest density of zooxanthellae in Porites lobata from Tung Ping Chau 
“ was recorded in autumn, other species, Cyphastrea serailia showed higher density of 
zooxanthellae in winter and Favia speciosa showed the highest density of 
zooxanthellae in summer (Ng, 2000). Fitt et al. (2000) examined five species of 
reef-building corals in four locations in the vicinity of Lee Stocking Island in 
Bahamas seasonally for 4 years. ,The highest densities and pigment content of the 
symbionts were usually found to occur during winter. The corals from all depths 
were bleached in different degrees, appearing white, tan or mottled to the human eye. 
122 
v 
Chapter Three - Coral Bleaching 
These workers speculated that seasonal bleaching patterns are related to the seasonal 
changes in the effect of light and temperature on algal and animal physiology. They 
believed that all tropical reef-building corals exhibited similar predictable cycles of 
change in the density of symbiotic algae. 
Seasonal fluctuation of zooxanthellae density may not always be detectable by 
human eye. Jones (1997) suggested that the loss of more than 50% of 
zooxanthellae was required for the colonies to show discolouration. In the case of 
Porites lobata from Tung Ping Chau, more than 50% decrease in their zooxanthellae 
density or chlorophyll a concentration was recorded in winter and summer during the 
course of this study (Figures 3.8 and 3.9). Hence, this discolouration was more 
obvious than many other coral species from the same sites. 
Other physical factors like sedimentation could also cause coral bleaching. 
Sedimentation rate in Tung Ping Chau was observed to be high in summer and 
autumn and low in winter and spring (Wong, 2001). The higher sedimentation rate 
in summer was mainly caused l?y resupension of sediment due to typhoon or 
terrestrial run off due to heavy rainfall. However, sedimentation rates were 
generally low during normal days (The lowest rate was 0.87 mg cm'^ day in AMW 
123 
v 
Chapter Three - Coral Bleaching 
in July 1999). Wong (2001) also found that changes in zooxanthellae and 
chlorophyll a density in the corals Platygyra sinensis and Gonipom columna were 
not correlated with sediment flux. Therefore, at least in Tung Ping Chau, the 
importance of sedimentation in affecting zooxanthellae and chlorophyll a density in 
Pontes lobata may be ruled out. 
This study covered a period of only 20 months. As this is the first study of its type 
in Hong Kong, it provides the baseline information on changes in zooxanthellae 
density and chlorophyll a concentration in a coral species, Pontes lobata, in Tung 
Ping Chau. A longer term study would be valuable to provide a better picture on 
coral bleaching, its causes and consequences in Hong Kong. Identification of the 
strains of zooxanthellae and changes in their size may also contribute additional 
.d imension to the understanding of the mechanisms involved in bleaching. Bleached 
colony had been found to have significantly larger zooxanthellae after the bleaching 
event (Jones, 1997). Whether these zooxanthellae had invaded the coral colony de 
nova, or they simply developed from the remnants of what was left in the colony, 
remains to be verified. , 
Traditional method in determining the number of zooxanthellae and concentration of 
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chlorophyll a requires the collection of many samples in situ and is therefore rather 
destructive. It may potentially affect the availability of the corals samples for any 
long-term study in areas like Hong Kong where the number of coral colonies is not 
particularly abundant. Recently, a new technique for non-destructive in situ 
measurements of symbiotic photosynthesis has been developed. Pulse amplitude 
modulated (PAM) fluorometry has been used to estimate effective quantum yields of 
photosystem II by measurements of chlorophyll fluorescence. An underwater 
version (the underwater PAM) was first introduced in 1997 (Ilan and Beer, 1999). 
Lombardi et al (2000) have used this fluorescence yields (Fast repetition rate 
fluorometer -FRRF) to study bleached colonies of corals in Bahamas in order to 
access their recovery from bleaching induced by elevated temperatures. They 
observed that zooxanthellae in bleached regions of a colony exhibited reduced 
,photosynthetic activity for as long as one year after a bleaching event. They 
believed that FRRF is an effective means of studying coral responses and recovery 
from natural or anthropogenic stress in a non-destructive manner. 
An application of underwater PAM, to study coral photosynthesis under bleached and 
unbleached conditions is currently being carried out in Tung Ping Chau. Coral 
recovery after bleaching is also being monitored. Long term continuous monitoring 
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of the coral communities in Tung Ping Chau is essential to further the understanding 
of the dynamics of these coral communities. 
Mycosporine-like amino acids (MAAs) were suggested to have certain level of 
protection for marine organisms against heat and light stress (Teai et al. 1998; 
Kuffner, 2000; Wagner, 2001). These MAAs can be found in many marine animals 
including sea urchin (Adams and Shick, 1996，2001; Karentz et al., 1997; 
McClintock and Karentz 1997), soft corals (Wagner, 2001), hard corals (Teai et al. 
1997; Musznshi et al. 1998) and macroalgae (Karsten et al., 1998; Hoyer et al. 2001). 
Significantly positive correlation of MAAs tissue concentrations with annual cycles 
in solar radiation and seawater temperature was found in shallow water colonies of 
soft corals, Lobophytum compactum and Sinularia flexibilis (Wagner, 2001). 
-S imi la r study in coral Montastraea faveolatea in Caribbean also indicated that both 
UVR irradiance and UVR-absorbing mycosporine-like amino acids decreased 
significantly with increase in depth (Lesser, 2000). Furthermore, mucus layers 
produced by six species of corals in French Polynesia were analyzed for the MAAs 
concentration and the mucus layer was found to absorb 7% of the UV-solar flux 
received by corals. Although there is still preliminary evidence showing the 
correlation between MAAs level and coral bleaching, it is believed that the study of 
126 
Chapter Three - Coral Bleaching 
MAAs in corals is valuable to further understanding of the protective mechanisms of 
the corals from UV stress and the variation of bleaching response between different 
species of corals. The study of MAAs in coral from Tung Ping Chau has currently 
been initiated. It is hope that a clearer picture of how Hong Kong corals respond to 
variations in different environmental parameters may be obtained as more 
information about them become available in the near future. 
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Figure 3.1 Upper picture shows a typical colony with pale colour 
in summer. Lower picture shows a typically darker 
deep brown coloured colony in late fall. 
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Air Blast Filter Funnel 
Air Tank Beaker 
Figure 3.2 Experimental set up to collect the coral tissue for zooxanthellae and 
chlorophyll a determination. The air tank was connected with the air 
blast. The funnel was used to divert the tissue to the beaker. Parafilm 
was used to cover half of the funnel to prevent the loss of coral tissues. 
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國國 
Figure 3.3 Colonies of Pontes lobata showing tan colour in summer, 
2000. 
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Figure 3.4 Colonies of Pontes lobata showing deep brown 
colour in autumn, 2000. 
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•國 
Figure 3.5 Colonies of Porites lobata showing milky white 
colour in winter, 2000. 
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Figure 3.6 Macroalgal bloom in spring, 2000 with algae 
covering colonies of Porites lobata. 
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Figure 3.7 Barnacles (indicated by arrow) growing on Pontes lobata 
in late spring to early summer (a - b) and coral tissues 
overgrowing the barnacles indicated by arrows (c - d). 
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Figure 3.8 Seasonal change in the mean zooxanthellae density (+ SD) in 
colonies of Porites lobata in A Ye Wan (AYW) and A Ma 
Wan (AMW) from 2000 to 2001. 
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‘ Figure 3.9 Seasonal change in the mean chlorophyll a concentration (+ SD) per 
‘ cm2 of colonies of Pontes lobata in A Ye Wan (AYW) and A Ma 
Wan (AMW) from 2000 to 2001. 
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Figure 3.10 Seasonal change in the mean chlorophyll a concentration (+ SD) 
per zooxanthella in colonies of Pontes lobata in A Ye Wan (AYW) 
, and A Ma Wan (AMW) from 2000 to 2001. 
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Chapter Four 
Study of Predation on coral Acropora tumida by 
Corallivorous Gastropods in Tung Ping Chau 
4.1 General Introduction 
Population outbreak of the corallivorous gastropods is increasingly being reported in 
many coral reefs in the Indo-Pacific region (Moyer et al., 1982; Fujioka and 
Yamazato, 1983 Boucher, 1986; Johnson et al., 1993; Black and Johnson, 1994; 
Holbom et al., 1994; McClanahan, 1994; Gumming, 1999; Gumming, 2000b; 
Morton and Blackmore, 2000). Much attention was focused on how dramatic 
increase in the number of corallivorous gastropod is affecting the coral reefs. In the 
past, the crown-of-thoms starfish, Acanthaster planci, was well known throughout 
the Indo-Pacific region as a corallivorous predator (Moran, 1990). This predator 
caused mass mortality of corals and corallivorous gastropods could exert similar 
predatory effect to the corals. 
Corallivorous gastropods Drupella spp. were commonly found and involved in the 
phenomenon of population outbreak. Genetic study on distinctness of widespread 
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and morphologically variable species of Drupella indicated that these belong to three 
species: Drupella cornus, Drupella rugosa and Drupella fragum (Johnson and 
Cumming, 1995). Some of the field studies also indicated that large population of 
them could cause obvious mortality of corals in that reef. 
The increase in the populations of these corallivorous gastropods was also observed 
in several regions in Asia like Japan (Moyer et al, 1982 in Boucher, 1986) and the 
Philippines. In Hong Kong, populations of Cronia margariticola and Drupella 
rugosa have been examined in several coral areas (Morton and Blackmore, 2000). 
These two corallivorous gastropods, especially Drupella rugosa, were found to 
increase in number in summer while decrease in number in winter. The same study 
also indicated that the gastropods preferred to prey on fast growing corals like 
Acropora sp. This finding is in agreement with the behaviour of other Drupella spp. 
reported in other countries. This present study is a more intensive and detailed field 
study on the population of corallivorous gastropods found in Tung Ping Chau, Hong 
Kong. It also covers a longer period of observation than the previous study done in 
Hong Kong. , 
Cronia margariticola and Drupella rugosa are two commonly found corallivorous 
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gastropods in Tung Ping Chau. Field observation indicates that Acropora tumida 
(Figures 4.1a,b) is the coral species most affected by their predatory pressure. This 
study is a 20 month long monthly monitoring study on the population ecology of 
corallivorous gastropods on 38 permanently marked colonies of Acropora tumida (19 
from A Ye Wan and 19 from A Ma Wan). The fleshly fed coral branches appear 
white with the exposure of their underlying white calcareous carbonate skeleton 
(Figure 4.1c). Turf algae often colonize these new spaces and pink encrusting 
coralline algae may finally overgrow them (Fig 4.1d,e,f). All these exposed areas 
of corals, even after they have been subsequently colonized by algae and other 
invertebrates, .were regarded as "area of feeding scar" in this research. The total 
areas of the coral colonies under the quadrat were also measured and coral growth 
and recovery to feeding injuries estimated. Furthermore, the number and sizes of 
^ these two corallivorous gastropods species were also recorded for further analysis of 
their population dynamics. 
4.2 Materials and Methods 
4.2.1 Study Sites 
The study site was the island of Tung Ping Chau, Hong Kong. It is located in the 
140 
Chapter Four — Predation on Coral 
northern east most region of Hong Kong. Experiments were carried out in two sites: 
A Ye Wan and A Ma Wan and Acropora tumida was the target coral species. A Ye 
Wan is more exposed to waves and closer to human residence, hence possibly more 
disturbed. A Ma Wan is more sheltered. More detailed description of the two 
study sites is given in Chapter 1. 
4.2.2 Preliminary evaluation of corallivorous gastropods as the coral 
predator 
Acropora tumida (Figure 4.1a，b) was chosen as the target organism to monitor the 
population ecology of the corallivorous gastropods. These two species of 
gastropods, Cronia margariticola and Drupella rugosa, have been known to prefer 
^ acroporid corals (Taylor, 1978, 1980; Gumming 1992, Turner, 1994a;). Field 
observation and general survey (Chapter Two) in Tung Ping Chau also indicated that 
Acropora tumida was the coral species most affected by these gastropods. 
To ensure that these gastropods were actually feeding on Acropora tumida, a simple 
experiment was first conducted in August 1999 before the start of the long term 
monitoring programme. Three live, healthy (no feeding scar) and two dead 
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colonies of Acropora tumida, the latter being overgrown by coralline algae, were 
chosen. All potential predators in these corals, if any, were removed. The 
corallivorous gastropods (about 10 individuals) were placed on the surface of each 
coral colony and the whole colony was then enclosed by a mesh bag. The mesh 
size of the bag was small enough (1mm) to disallow any escape nor entry of 
gastropods but would still allow sufficient penetration of light. Control colonies 
were similarly enclosed with the mesh bag but without enclosure of the gastropods. 
Several colonies without being covered by the mesh bag were chosen as control 
against the mesh bag effect. This experimental set up was done in duplicate sets in 
each study site. These colonies were then examined one month later. All live 
colonies with enclosed gastropods showed feeding scar and exposure of white 
skeleton, whereas no similar scar was observed on control colonies. Similarly, no 
一 new scar was found on dead coral colonies. This result indicated that the 
gastropods did feed on live corals, but had no effect on coralline algae. 
4.2.3 Monthly monitoring of permanent quadrats 
In each study site (A Ye Wan and A Ma Wan), 19 colonies oi Acropora tumida were 
chosen haphazardly in July 1999. A 0.25m^ permanent quadrat was then placed 
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over each coral colony. At least two comers of the permanent quadrat were marked 
with concrete nail as permanent markers. These markers allowed the quadrat to be 
placed in the exact location in subsequent sampling. Each permanent quadrat 
normally covered a colony of Acropora tumida. 
After all the permanent quadrats were set up, monthly monitoring of these quadrats 
was then initiated in September 1999 to last till April 2001, for a period of 20 months. 
In each month, all 38 coral colonies were relocated and the condition of the coral 
examined in situ. Specifically, each colony was visually inspected for the presence 
of any new feeding scar or dead area, A quadrat was placed over the colony in the 
same exact location. All corallivorous gastropods within the quadrat were collected. 
The species of the gastropods was identified and the number counted before they 
—were put back into the same colony. From April 2000 on, the size of each 
gastropod within the quadrat was also measured. The gastropods were divided into 
eight size classes with the following length intervals: < 1cm, 1 cm to < 1.5cm, 1.5cm 
to < 2 cm, 2 cm to < 2.5 cm, 2.5 cm to < 3 cm, 3 cm to < 3.5cm, 3.5cm to <4cm and 
4 cm to < 4.5cm. The maximuiTi length of the gastropods was measured from the 
tip of the spire to the end of the anterior siphonal canal. Thereafter, the coral colony 
was video taped with an underwater video camera in order to calculate its area. The 
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quadrat placed over the coral colony was divided into twenty-five 10x10 cm squares. 
The whole colony under the quadrat was video taped frame by frame over each 
square. The video tape was then played back in the laboratory and the video image 
captured on the computer screen. The total flat surface area of each coral colony, 
dead area, area overgrown by algae and area with new feeding scar (i.e. white, 
exposed area of coral skeleton) were then measured by an image analyzer, Image Pro 
version 5.0. 
4.2.4 Data and statistical analysis 
The white, exposed area of coral skeleton, new area of coral skeleton that was 
overgrown by tuft or coralline algae and dead areas were collectively regarded as the 
„ "area of feeding scar". Areas estimated between months by the image analyzer 
were used to calculate cumulative percentage of feeding scar, and monthly 
percentage change of area of feeding scar. Based on the density of gastropods per 
area of coral colony, these areas were used to further calculate the rate of predation. 
Monthly differences in these parameters were compared using Wilcoxon signed 
ranks test. Differences between sites were evaluated using Mann Whitney U test. 
Relationship between parameters were assessed using Spearman Rank Order 
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correlation and regression analysis. Non-parametric tests were employed in most 
cases as the data could not satisfy the parametric assumptions of normality and 
homogeneity of variance even after transformation. 
4.3 Results 
4.3.1 Species of corallivorous gastropods in Tung Ping Chau 
Cronia margariticola and Drupella rugosa were the two dominant corallivorous 
gastropods found in Tung Ping Chau. Cronia margariticola (Figure 4.2a), with 
deep purple or white aperture, has obvious black and light yellow bands on the shell 
and distinctive ridge. The shell is comparatively thinner than that of D. rugosa. 
They are also comparatively smaller than D. rugosa in size. The biggest size of C. 
margariticola found in Tung Ping Chau was 3.5 cm, but 2.5 cm was more common. 
Drupella rugosa (Figure 4.2b) has nodules on their shell forming 5 - 6 spiral rows, 
large variety of aperture colour (white, mauve, purple, orange and yellow) and 
yellow — brown operculum. It has 5 to 7 distinct small denticles around the aperture 
(Wilson, 1992; Cumming and McCorry, 1998). The largest size of D. rugosa 
recorded in Tung Ping Chau was 4 cm. At times, however, it is rather difficult to 
145 
Chapter Four - Predation on Coral 
distinguish between the two species especially when they are covered with coralline 
algae growing on the surface of their shells. Denticulates are present in C. 
margariticola but may be absent especially in the juvenile stage. The black and 
light yellow bands and distinct ridge on their shell can be used as characteristics to 
distinguish it from D, rugosa. 
4.3.2 Feeding behavior of corallivorous gastropods in Tung Ping Chau 
Cronia margariticola and Dmpella rugosa formed clusters mainly in Acropora 
tumida colonies (Figure 4.3a) while they seldom formed large aggregation in other 
coral species. However, small groups of these gastropods could also be observed 
on massive corals e.g. Pontes lobata and Platygyra acuta (Figures 4.3b, c). The 
largest aggregation of these gastropods was found in summer 2000 in AYW when 
more than 500 of them aggregated in a single colony of Acropora tumida (Figure 
4.3d). Feeding scars were observed not just around the edge of the coral colonies, 
but almost any where, including the middle part surrounded by living tissues (Figures 
4.4a, b). Some coral recovery from feeding injuries may also occur (Figure 4.4c). 
146 
t 
Chapter Four — Predation on Coral 
4.3.3 Density of corallivorous gastropods 
4.3.3.1 Monthly change in density of corallivorous gastropods 
Cronia margariticola and Drupella rugosa showed similar changes in their density 
pattern in both AYW and AMW (Figures 4.5 and 4.6). They both showed higher 
density in summer than in winter, although their peak densities did not always 
coincide. Density of C, margariticola was higher than that of D. rugosa most of the 
time. Cronia margariticola was the dominant corallivorous gastropod feeding on 
Acropora tumida in Tung Ping Chau. Throughout the study period, the highest 
mean density of D. rugosa in AYW was 78.82 土 36.69 (SD) individuals / m^ of 
Acropora recorded in Jul 00, that for C. margariticola, 387.76 土 605.52 individuals / 
m^ recorded in Sep 00. The highest mean density of D. rugosa in AMW was 58.85 
土 74.05 individuals / m^ recorded in Aug 00, and that for C. margariticola, 101.88 士 
110.95 individuals / m^ recorded in Jim 00. The density of these gastropods was 
very low in winter. Nevertheless, a few of them were observed even in winter. 
•• 
In AYW, there was a significant increase in mean total gastropod density in 2000 
than in 1999. Densities recorded in September to November 2000 were much 
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higher than those recorded in the same period in 1999 (Figure 4.7). Similarly, 
densities recorded from February to April 2001 were also significantly higher than 
those recorded within the same period in 2000. The sharpest increase occurred 
from Jun 00 to Jul 00, with a jump from 74.77 ±108.8 (SD) individuals / m^ to 406.47 
土 794 individuals / m l 
In AMW, the change in mean total density of the gastropods was less dramatic, 
although a higher density was also recorded in 2000 than in 1999. There was a 
significant increase in mean total gastropod density in Sep 00’ Nov 00 and Dec 00 
over the same period in 1999 and in Feb 01 when compared with that in Feb 00 
(Wilcoxon signed ranks test, p < 0.05) (Figure 4.7). 
In most cases, the mean total gastropod density in AYW was higher than that in 
AMW. The density in AYW in Jul 00 was 4 times higher than that in AMW. 
However, this difference was not statistically significant (Mann Whitney U test, p > 
0.05). The one time that mean total gastropod density in AMW was higher than 
that in AYW was in Jun 00. Although the difference was small, it was statistically 
significant (Mann Whitney U test, p < 0.05). Total density in winter was similarly 
low in both sites. 
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4.3.3.2 Correlation between gastropod density and temperature 
Seawater temperature was identified as the main factor that could affect the density 
of gastropods. The seasonal change in total gastropod density from both sites was 
significantly positively correlated with seawater temperature change (Figure 4.8) 
(Spearman rank order correlation test, p < 0.05). 
4.3.4 Cumulative percentage of area of feeding scar over time 
Change in the size of feeding scar in each colony of Acropora tumida under the 
permanent quadrat was used as an indicator of the amount of coral tissue removed 
due to gastropod predation over time. This is expressed as a percentage change in 
„ the area of fresh feeding scar and old scar which may be overgrown by tuft or 
coralline algae with respect to the total area of the coral colony under the permanent 
quadrat. However, the corals were also growing over this same period, and some 
tissues may also recover from feeding injuries (Figure 4.4b). The cumulative 
percentage of change in the tissue area, collectively referred to as change in the area 
of feeding scar, is actually a sum of all these activities, i.e. loss of tissue due to 
gastropod predation, gain in tissue due to coral growth and coral recovery from 
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injuries. 
Of the 19 permanent colonies (quadrats) in AYW, two of them showed greater than 
70% increase in the area of the feeding scar over the period of 20 months, starting 
from a feeding scar of <1% in Sep 99 (Table 4.1, Figure 4.9). Moreover, the tissue 
of one healthy colony was completely (100%) removed, presumably by the 
gastropod predators, over the same period. In AMW, two out of the 19 coral 
colonies had > 45% increase in the area of the feeding scar. 
Results of monthly increase in the area of feeding scar in AYW and AMW are shown 
in Figure 4.9. In AYW, there was significant increase in the area of feeding scar 
from Sep 99 to Nov 99 (Wilcoxon signed ranks test, p < 0.05). Predation appeared 
to slow down, and the rate of tissue loss decreased from Nov 99 to reach the lowest 
in Feb 00. This difference, however, was not statistically significant (Wilcoxon 
signed ranks test, p > 0.05). There was continuous increase in the area of feeding 
scar from Feb 00, cumulating in the high value of 23.68% in Aug 00. However, 
there was no great change in the area of feeding scar thereafter, with only a slight 
decrease between Nov 00 and Jan 01 (Figure. 4.9). 
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In AMW, similar pattern was observed as that in AYW. However, as shown in 
Figure 4.9, there was a significant and greater increase in the area of feeding scar 
from Sep 99 to Nov 99 (Wilcoxon signed ranks test, p < 0.05) followed by a 
significantly decrease in winter of 1999 reaching the minimum of 11.84% in Feb 00. 
The mean cumulative percentage area of feeding scar increased again from Feb 00 to 
Nov 00 but then significantly decreased in Dec 00. No significant change in the 
area of the feeding scar was observed thereafter until Apr 01 (Figure 4.9). 
The mean total density of gastropods in AYW was usually higher than that in AMW 
(Figure 4.7)，but the mean cumulative percentage area of the feeding scar was larger 
in AMW than in AYW during the first 12 months of observation. By Aug 00, the 
area of the feeding scar in both sites became very similar. There was a drop in the 
^ area of the feeding scar in AMW in Dec 00，but no such decrease in the feeding scar 
area was observed in AYW (Figure. 4.9). Despite the difference in the area of the 
feeding scars observed between the two sites, these monthly differences were not 
statistically significant (Mann Whitney U test, p > 0.05). 
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4.3.5 Monthly percentage change in the areas of feeding scar 
4.3.5.1 Monthly percentage change in the areas of feeding scar due to 
predation by Cronia margariticola and Drupella rugosa 
Generally, more coral tissues were removed per month in spring and summer than in 
winter in both sites (Figure 4.10). This indicated that the gastropods were probably 
more active in spring and summer than in winter. During winter of 1999 — 2000 
and fall to winter of 2000 - 2001, instead of loss of tissue due to predation, there was 
a net gain of Living tissue area indicated by the negative value of monthly percentage 
change in the area of the feeding scar. This suggested that the growth or recovery 
of coral to tissue injury was faster than tissue loss due to predation. The pattern of 
monthly change in the area of the feeding scar was similar between the two sites 
except in the period of Jul 00 to Aug 00 where percentage of change in AYW was 
higher than that in AMW. Nonetheless, the difference was not statistically 
significant (Mann Whitney U test, p > 0.05). However, there was a significantly 
greater decrease in the area of the feeding scar from Nov 00 to Dec 00 in AMW than 
that in AYW (Mann Whitney U test, p < 0.05). 
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4.3.5.2 Correlation between gastropod density and monthly percentage 
change in area of feeding scar 
Although gastropod density was higher in 2000 than in 1999, the monthly percentage 
change in the area of feeding scar was lower in 2000 than in 1999, but the difference 
was not statistically significant (Wilconson signed ranks test, p > 0.05). This 
pattern was similar in both sites (Figures 4.11 and 4.12). There was a rapid increase 
in the area of feeding scar from Feb 00 to Mar 00 when the density of the gastropods 
just started to increase. The percentage increase in the area of the feeding scar 
leveled off later in the spring and summer but it continued to remain relatively high. 
Within this same period, the gastropod density had reached the peak in AMW 
(Figure 4.12)，and almost the peak in AYW (Figure 4.11). The monthly percentage 
change in the area of feeding scar started to drop in the fall and winter of 2000, 
followed by a drop in the gastropod density. Both patterns apparently repeated in 
the following spring. There appeared to be a lag between the increase in the 
percentage change in the area of feeding scar and seasonal change in the gastropod 
density, hence, a direct relationship between the two could not be established 
(Spearman rank order correlation, p > 0.05). 
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4.3.5.3 Correlation between temperature and monthly percentage change in 
area of the feeding scar 
Although there was significant correlation between water temperature and gastropod 
density over time, there was no significant correlation between the monthly 
percentage change in the area of the feeding scar and seawater temperature 
(Spearman rank order correlation, p > 0.05). 
4.3.6 Rate of predation 
4.3.6.1 Rate of predation by the corallivorous gastropods 
Rate of predation was calculated in terms of percentage change in the area of the 
feeding scar over the total density of the gastropods (Figure 4.13). Although the 
density of the two species of corallivorous gastropods was also known, there was no 
attempt to calculate the rate of predation based on different species of gastropods as 
there was no prior information on difference in their feeding rate. The rate of 
predation calculated was therefore based on the assumption that the rate was the 
same for individuals of either species, and was also the same irrespective of the size 
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(hence probably the age) of the gastropods. 
The rate of predation was similar between sites (Figure 4.13). Some negative rates 
were obtained, indicating that mean rate of recovery of the coral to feeding injuries 
was greater than the total feeding rate at times (e.g. from Nov 99 to Feb 00). The 
highest rate of predation was recorded during the period from Feb 00 to Mar 00 in 
AYW (32%) and AMW (58%). Generally, there was no change in the predation 
rate over the summer period of 2000. 
4.3.6.2 Correlation between rate of predation, gastropod density and seawater 
temperature 
The predation rate was higher when the gastropod density was low. While this 
relationship was significant in both AYW (Figure 4.14) and AMW (Figure 4.15), the 
variation was too high such that only less than 20% of the variations in the 
relationship could be accounted for by the regression line generated. There was no 
statistically significant correlation between monthly rate of predation and changes in 
seawater temperature (Spearman rank order correlation test, p > 0.05). 
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4.3.7 Population size structure of the corallivorous gastropods 
No attempt was made to assess the population size frequency distribution of the two 
species of corallivorus gastropods in each permanent quadrat (i.e. in each coral 
colony). The data for all quadrats were therefore combined. Only the size 
frequency distributions of individuals belonging to either Cronia margariticola or 
Drupella rugosa in either AYW or AMW were analyzed and compared. 
4.3.7.1 Population size structure of Cronia margariticola 
Population size frequency distribution of Cronia margariticola in AYW and AMW 
was recorded from Apr 00 to Apr 01 and shown in Figures 4.16 and 4.17 respectively. 
In AYW (Figure 4.16)，small gastropods <1 cm in size could be found in Apr 00, 
their number increased gradually reaching its peak in Jul 00. Their number dropped 
thereafter to almost nil in Nov and Dec 00 but reappeared in the following year, 
reaching a total number of 14 individuals out of the 19 quadrats in Apr 01，similar to 
that recorded in Apr 00. Cronia margariticola 1 cm to <1.5 cm in size increased 
from Jun 00 to Jul 00 but peaked later in Sep 00. In addition, those 1.5 cm to <2 cm 
in size also increased steadily and peaked in Oct 00. The distribution of individuals 
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>2 cm in size was more irregular, and only very few individuals >2.5 cm were 
recorded. 
There was a five-fold increase in the total number of C. margariticola from June 
(216 individuals) to July (1159 individuals). Large aggregation of juveniles was 
found during summer and more than 500 of them aggregated in one single coral 
colony in Jul 00. The total number of gastropods remained around 1000 in the 
following two months but dropped gradually starting from Oct 00. 
In AMW, similar size frequency distribution of Cronia margariticola was observed 
(Figure 4.17). The number of individuals <1 cm to <2 cm in size increased steadily 
starting from Apr 00，those < 1 cm to <1.5 cm in size peaked in Jul 00 and those 1.5 
cm to <2 cm in size peaked a bit later in Sep 00. There was a size class shift in 
different months similar to that observed in AYW, However, it appeared that in 
AMW, the entry of the juvenile cohort was one month earlier than that in AYW. 
The number of gastropods in AMW was actually lower than that in AYW. For 
example, there were 301 individuals of Cronia margariticola out of the 19 permanent 
quadrats in AMW during the peak period (Jun 00)，in AYW this number was 947 (Jul 
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00). From February to March 2001, relatively larger sizes of gastropod became 
dominant and juveniles <1 cm in size were seldom found. There were more larger 
sized (2 to <2.5cm) individuals in AMW than in AYW. In the latter, most 
individuals were 1 cm to <2 cm in size. 
4.3.7.2 Population size structure of Drupella rugosa 
The population size frequency distribution of Drupella rugosa was not as distinct as 
that for Cronia margariticola in AYW (Figure 4.18) and AMW (Figure 4.19). 
Juveniles <1 ,cm in size were seldom found especially in AMW. In AYW, the 
number of individuals <1 cm to <1.5cm in size increased starting from Apr 00 and 
peaked in Jul 00 and those 1.5 cm to <2.5 cm in size increased steadily also starting 
from Apr 00 and peaked in Aug 00. 
Generally, Drupella rugosa is bigger than Cronia margariticola so more individuals 
in the size range from 3 cm to 3.5 cm could be found. In AMW, juveniles < 1cm in 
size were observed in May 00 only. Majority of the individuals were from 1.5 cm 
to <3 cm in size. Individuals in all these size classes increased in number during 
summer and those 2 cm to <3 cm in size became dominant during winter. In early 
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Spring the following year, larger individuals 2.5 cm to 3 cm in size reappeared again 
and became dominant. 
4.4 Discussion 
4.4.1 Feeding behaviours of corallivorous gastropods 
Various reports on coral predation by corallivorous gastropods identified the species 
involved as belonging to the genus Drupella. Cronia margariticola is differentiated 
from Drupella rugosa mainly from the colour and the thickness of its shell. There 
is an absence of other information about this species nor is there any other 
documentation about the role of this species as a coral predator in other coral reefs 
other than that in Hong Kong (Morton and Blackmore, 2000). 
Most studies indicated that corallivorous gastropods formed cluster during feeding 
and feeding occurred commonly at night (Boucher, 1986; Fujioka & Yamazato, 1983; 
Moyer et al” 1982). These gastropods concealed around the bases of coral colonies 
and under coral branches during daytime. Moyer et al. (1982) found that Drupella 
fragum was more active during the dark phases of the moon than around full moon. 
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It is suggested that species feeding behaviour and population density may be related 
(Turner, 1994b). Forde (1992) observed D. cornus to be feeding during both day 
and night on corals at backreef of Ningaloo Reef, Western Australia with extremely 
low coral coverage. At low population densities Drupella may be a nocturnal 
feeder but fed during the day also when individuals were in dense aggregations. 
Aggregation of gastropods was observed at daytime in Tung Ping Chau in both study 
sites. No night diving was carried out in this study for detailed observation at night 
so the night time feeding activities of these gastropods cannot be confirmed. 
Nonetheless, .the two species of corallivorous gastropods in Tung Ping Chau 
probably feed during both day and night. They feed on a variety of coral species of 
various growth forms. They have been observed on Acropora tumida, Platygyra 
_ acuta, Porites lobata, Hydnophora exesa and Galaxea astreata but they appear to 
prefer Acropora tumida as larger and more number of aggregations of these 
gastropods were observed on Acropora tumida than on any other coral species. 
This observation agrees well with other studies on feeding preference of these 
corallivorous gastropods, which indicated that they prefer fast growing species like 
Acropora and Montipora (Turner, 1994a; Morton 2002). Acropora tumida is not 
the most dominant coral species in Tung Ping Chau and therefore preferred food for 
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these gastropods may rather be limited especially when large number of them 
appears in summer. It has been suggested that because their preferred species are 
rare in Hong Kong, these gastropods have to feed on other coral species like 
Platygyra acuta and Pontes lobata that are normally avoided by these gastropods in 
other coral reefs (Morton and Blackmore, 2000). However, although preliminary 
experiments carried out in this study indicated that these gastropods indeed fed on 
corals, other related studies also indicated that coral was not the only food of these 
gastropods (Lee, 2002 unpublished data). 
It is believed.and observed that individuals of Drupella cornus avoided crawling on 
live coral tissue and fed at the interface between live, actively growing polyps and 
areas of dead corallites (Fujioka & Yamazato, 1983). They started mostly from the 
dead area of the colony where they can stay safely. It has further been suggested 
that small juveniles stayed on the bigger, adult individuals in a cluster to protect 
themselves from the stinging cells of the coral tissue (Cumming, 1999). In Lizard 
Island, the Great Barrier Reef, feeding scars of Drupella spp. were always found at 
the edge of living coral tissue (Cumming, 1999). Such particular, distinctive 
feeding pattern was also observed in Tung Ping Chau and aggregation of gastropods 
could be found among coral branches in any part of the Acropora tumida colonies. 
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4.4.2 Density of corallivorous gastropods 
Cronia margariticola was observed to be the dominant species of corallivorous 
gastropods in both AYW and AMW in Tung Ping Chau. The density of C. 
margariticola was usually higher than that of Dmpella rugosa. Morton and 
Blackmore (2000) suggested that C. margariticola in Coral Beach, Hoi Ha Wan, 
another marine park in Hong Kong, probably was an opportunistic corallivore 
because they found this species feeding on other prey items, e.g., barnacles or 
bivalve mollusks, and not on corals during winter. Besides, it was observed to be 
corallivorous .only in the presence of D. rugosa, which initiated the attacked area for 
C. margariticola to feed on. This, however, may not always be the case in Tung 
Ping Chau. Cronia margariticola could be found in large aggregations on coral 
colonies without D. rugosa in the same colony. 
Higher density of gastropods (including Cronia margariticola and Dmpella rugosa) 
was found in summer than in winter in both AYW and AMM. Season was closely 
related with change in the population density. Generally, the density increased from 
1999 to 2000 in both sites and a particularly dramatic increase was observed from June 
to July 2000 in AYW. This was mainly due to the large aggregation of gastropods on 
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one colony. More than 500 gastropods aggregated on a single colony, population 
density then reached up to more than 3000 individuals / m^ of live coral area (average 
407 individuals / m^ of coral area from 19 permanent colonies). In AMW, the highest 
density was only 222.79 individuals / m^ (average 95.42 individuals / m^) of coral area 
in July and 553.32 individuals / m^ (average 104.02 individuals / m^) in June. Morton 
and Blackmore (2000) reported that the density of D. rugosa was about 2 individuals / 
m^ in summer 1999 and less than 1 individual / m^ in winter of 1999 in Tung Ping 
Chau. This is quite a large difference when compared with the present results. 
However, this is because different methods of estimation were employed. They 
conducted their survey using random quadrats along the transects while particular 
Acropora colonies were monitored in this present research. Much more gastropods 
aggregated on Acropora colonies and so higher density of gastropods in terms of live 
coral area of Acropora was obtained. Nonetheless, even if compared with the general 
survey data reported in Chapter 2 using comparable estimation method as that 
employed by Morton and Blackmore (2000), the density of gastropods reported in this 
* 
present study was still higher than those reported by them. The density of gastropods 
was 8.17 士 7.59 (SD) individuals / m^ in AYW, and 2.92 士 3.47 individuals / in 
AMW in summer (see Figures 2.17 and 2.18). 
163 
t 
Chapter Four — Predation on Coral 
Generally, there was no significant difference in the population density of the 
gastropods between AYW and AMW although AMW usually showed lower density 
in summer. Even when the density in AYW was 4 times higher than that in AMW 
in July 2000，no statistically significant difference was detected. This is mainly due 
to the large variation of gastropod density found among individual coral colonies 
within the same site. This is indicated by the large standard deviation associated 
with most mean values of density shown for AYW, and to some extent, as well as for 
AMW (see Figures 4.5 to 4.7). As mentioned earlier, one coral colony in AYW 
alone had an extremely high density of gastropods. The density of the 19 
permanent colonies in AYW ranged from 3218.61 individuals / m^ of live coral area 
to 0 individual / m^ in July while that in AMW ranged only from 220.79 individuals / 
m^ to 0 individual / m^. Some coral colonies did not have any predatory gastropod 
at all. This indicated that these corallivorous gastropods were not randomly 
distributed among the coral colonies. 
"Population outbreak" may not be the appropriate term to define the phenomenon 
observed in Tung Ping Chau although density of gastropods was higher in 2000 than 
in 1999. Abnormal increase in population density usually involves a large number 
of individuals appearing suddenly over a rather long period (several years) of 
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observation. Only then can an outbreak be distinguishable from any normal 
fluctuation in population density at different times. Information obtained from this 
present study over a 20 month monitoring period (included two summers and two 
winters) would not be enough to provide a strong evidence to indicate whether a 
population outbreak of corallivorous gastropods had occurred in Tung Ping Chau. 
Besides, the largest aggregation of gastropods observed in this study was around 500 
individuals while even larger aggregation of more than 2000 individuals was 
reported in other places like the Philippines (Cumming 2000b). Boucher (1986) 
also inspected whether the aggregation of 300-500 Drupella individuals in North 
Enewetak Pinnacle was a periodic, but normal event, or whether these outbreaks 
marked the beginning of a large scale infestation comparable to the swarm of several 
thousands of D. fragum observed by Moyer et al. (1982) in Japan and the Philippines. 
_ In the subsequent summer after this present study was completed, no large increase 
in gastropod density was observed in both sites (Tarn, 2001, unpublished data). 
Additional samplings are currently being carried out in 2002, probably an El Nino 
/ 
year, to further monitor the population density of predatory gastropods in Tung Ping 
Chau. These additional data will likely give a clearer picture on the behaviour of 
the population change over a longer period of time. 
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Seawater temperature played an important role in affecting the activities of these 
corallivorous gastropods. Positive correlation between seawater temperature and 
density of gastropods was found in both sites. Much less number of gastropods 
could be found in winter (December to February) and their number started to 
increase again after February, the coldest month in winter, when it became wanner in 
March. The unusually high density of gastropod in December 1999 in AYW was 
because of abnormally large number of gastropods observed in two colonies (36 
gastropods in only 253 cm^ of coral area in one and 20 gastropods in 1784 cm^ of 
coral area in another colony) while there were only less than 3 or mostly 0 
gastropods in the other 17 colonies. However, both sites generally experienced 
significant decrease in gastropods density in winter (December to February) and 
significant density increase again in summer (July to September). 
Morton and Blackmore (2000) reported a higher Drupella rugosa density in summer 
than in winter in five coral sites in Hong Kong during the summer of 1999 and the 
winter of 1999/2000. These five sites included Bluff Island, Hoi Ha Wan, Tung 
Ping Chau (same study site of this present research), Shelter Island and Sharp Island. 
They suggested that D. rugosa buried in the sand during winter and became active 
again when the seawater started to warm up. In Tung Ping Chau, the disappearance 
166 
Chapter Four - Predation on Coral 
of the corallivorous gastropods in winter, besides natural mortality, may also simply 
be that most of them buried in the sand or became inactive under the base of the coral 
colony where it was difficult to find them. It is believed that they would not move 
far away from the corals because large number of them moving on the sand 
substratum was not observed in any month. Nevertheless, capture-recapture 
experiment on tagged individuals should be carried out to investigate the movement 
of the gastropods at different seasons. This would then be able to provide some 
answers to the question on the whereabouts of these gastropods during winter. 
Over-fishing,in coral reefs has been hypothesized to cause dramatic increase in the 
density of corallivorous gastropods due to the decrease in the number of their 
predators (McClanahan, 1990, 1994; Turner, 1994a). However, this hypothesis may 
„ not apply to Tung Ping Chau to explain the increase in the number of these two 
species of corallivorous gastropods from 1999 to 2000. Over-fishing is not a recent 
phenomenon in Tung Ping Chau. Large predatory fish are very rare as they have 
long been fished out. Ayling and Ayling (1992) also pointed out that the removal of 
lethrinids (potential predators of Drupella) by fishing pressure is unlikely to be 
responsible for the high densities of Drupella observed on Lizard Island. 
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Some levels of eutrophication, mainly attributable to the seepage of organic sewage, 
was reported in Tung Ping Chau (Ang et al., 2000). Their report indicated that 
there were occasional presence of high levels of coliform count, high nitrate and 
phosphate content possibly originated from the public toilet facilities and domestic 
sewage generated by local residents and visitors. Nutrient levels in the water in 
A M W have been shown to fluctuate irregularly with no clear seasonal pattern (Kong, 
2002). Although no correlation analysis was carried out to relate nutrient levels 
with changes in gastropod density, strong correlation is not expected. 
It has been, hypothesized that increased siltation, as a consequence increased 
nutrients associated with it, would trigger increased plankton growth hence would 
facilitate the survival of gastropod larvae by providing more food supply (see 
Chapter 1 for a review). Wong (2001) showed that there was higher sedimentation 
rate in A M W than in A Y W . A Y W showed much higher gastropod density so 
sedimentation may not have directly contributed to the increase in the number of 
gastropods. On the other hand, it may be possible that higher sedimentation rate in 
A M W indirectly increased the survival rate of the larvae locally. These larvae were 
brought to A Y W by the prevailing water current flowing from A M W to AYW. 
Nonetheless, whatever was the reason behind the increase in gastropod density in 
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2000 remained uncertain. More detailed study on other factors may be needed to 
help elucidate the underlying factor for such a change. 
Sampling technique can affect the number of gastropods found in a study. 0x1 ey 
(1988) found a mean density of 1.6 individuals / m^ of Drupella by visual searches of 
the reef substratum in a midshelf reef in the Great Barrier Reef and an average of 
16.5 individuals / m^ following destructive sampling (Oxley, 1988 in Turner, 1994a). 
As these corallivorous gastropods were likely to stay in the base of the corals or hide 
deep inside in-between the dead branches of Acropora, it was often difficult to know 
if all of them had been counted each time. Moreover, their shells were often 
overgrown with pink coralline algae that made them look very similar to the dead 
branches of coral that were also covered with the same pink coralline algae. This 
^ provided a good camouflage and protection for the gastropods against their predators. 
Therefore, an exhaustive search may be required to make an accurate count and to 
find all the gastropods within the coral colonies. Destructive sampling may give a 
more accurate estimate but this will also inflict a heavy damage on the corals. 
Besides, this kind of approach will not allow any long term monitoring on marked 
colonies to be carried out. Hence, in most cases of non-destructive sampling, there 
would likely be an underestimation of the actual density of the gastropods (Cumming, 
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1999). 
4.4.3 Cumulative percentage of area of feeding scar 
After 20 months of monitoring, seven out of 19 colonies and two out of 18 colonies 
in A Y W and A M W respectively showed a feeding scar that was only less than 1 % of 
the total coral area under the permanent quadrat. Some colonies had never been 
attacked by any corallivorous gastropods (Table 4.1). On the other hand, two 
colonies in A Y W had more than 70% of the coral surface cleared or eaten by the 
gastropods ajid four colonies in A M W had more than 50% of their surface similarly 
damaged. This reflected that not all the Acropora tumida colonies were under the 
same predatory pressure. Some of the colonies have not been eaten at all within 2 
years while the tissues of one colony were completely removed by the gastropods. 
As mentioned in previous section, these gastropods did not aggregate randomly but 
were unevenly distributed in different Acropora colonies, thus causing different 
degrees of damage or death to these colonies. Physiological condition of the coral 
colonies may be one of the factors that affected the susceptibility of corals to 
predation effect. Both field observation and laboratory experiments indicated that 
damaged corals attracted large aggregation of corallivorous gastropods (Forde, 1992; 
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Baird, 1999; Kwok, 1999; Morton and Blackmore, 2000). Forde (1992) observed 
that high density of Drupella cornus adults congregated on damaged corals after 
cyclone Ivor. In Pelorus Island in the Townsville region of the Great Barrier Reef, 
Drupella rugosa was observed to feed on Acropora youngei colonies from December 
1998 on (Baird, 1999). The feeding effect extended and caused more mortality of 
Acropora sp. However, no Drupella was observed prior to December 1998. Mass 
coral bleaching was reported to have caused mass mortality in this site and Acropora 
sp. was greatly affected. In another study, significantly more D. rugosa were 
attracted to stressed corals that were scraped by a razor blade (Kwok, 1999; Morton 
and Blackmore, 2000). Therefore, there is a close link between the physiological 
condition of the colony and gastropod aggregation. For those colonies in Tung Ping 
Chau with 0% of their tissues preyed, they were mostly healthy looking without any 
dead or damaged areas. This indicated that healthy Acropora colonies may have 
well developed protective mechanisms to avoid being preyed by the corallivorous 
gastropods or that these gastropods will not initiate any attack on healthy corals. 
There was a significant increase in the percentage area of feeding scar of the coral 
colonies from September to November 1999 and a significant decrease in this area 
from November 1999 to February 2000 in both sites. The decrease in percentage 
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area of feeding scar during winter could be explained by the recovery and growth of 
the coral tissue during this time. Coral tissue can regrow over parts preyed by the 
gastropods or incompletely removed tissue. Those left within the deep calices of 
the coral skeleton may regenerate to regrow over the damaged area. A recovery 
experiment was conducted for Acropora pruinosa after being eaten by Drupella 
rugosa (Kwok, 1999). The pieces that had been fed upon by gastropods were 
returned to the outdoor aquaria and monitored regularly. It was found that 
coenenchyme (brown surface living tissue in between polyps) rather than polyps was 
usually fed and distinctive white feeding scars were left on the corals. The coral 
tissue did regenerate on the exposed areas where it had not been invaded by algae. 
However, when polyps were lost, the coral pieces could not regenerate and were 
colonized by algae. Therefore, the preyed coral branches could recover and this 
was also observed in Tung Ping Chau. Morton and Blackmore (2000) suggested 
that D, rugosa may actually improve coral health by removing old tissues and even 
fostering new growth when they only feed and remove the coenenchyme but not the 
polyps. Nevertheless, there are not enough data to support this suggestion and most 
of the branches observed to have been preyed upon by gastropods in Tung Ping Chau 
were quickly overgrown by algae. It is unlikely to observe a faster increase in the 
growth of Acropora brought about by gastropod predation. Laboratory study may 
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be needed to further investigate the change in the growth or recovery rate of 
Acropora in the presence or absence of these corallivorous gastropods. 
4.4.4 Monthly percentage change of area of feeding scar 
Monthly percentage change of area of feeding scar is a combined result of the 
percentage tissue loss of the colony due to gastropod predation and tissue gain due to 
growth and recovery of the corals to tissue injuries within a month period. 
Percentage change of area of feeding scar was greater in summer than in winter, 
suggesting that gastropods "ate" more in summer at a rate much faster than the corals 
could recover. These gastropods may not be feeding in winter, so the corals were 
able to recover. This could explain the negative values of the monthly percentage 
^ area of feeding scar obtained in winter. 
The highest percentage increase in area of feeding scar was recorded from October to 
November 1999 in both sites. Increase intake of energy by the gastropods before 
entering the “no feeding" winter period would be expected as many invertebrates and 
vertebrates do so before winter. However, similar pattern was not repeated in 
October to November 2000. The reason for this discrepancy is unknown. When 
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the gastropods started to become active again in spring 2000, there was an increase in 
the percentage area of the feeding scar from February 2000 until July 00-August 00 
in AYW. 
Both sites showed that higher density of gastropods was associated with higher 
percentage area of feeding scar, however, the relationship was not straight-forward. 
No significant correlation can be established between these parameters. Therefore, 
although there were much higher density of gastropods in summer of 2000 than in 
1999, the percentage area of feeding scars during each month did not differ very 
much and was not statistical significant when compared with that of the pervious 
year. 
Seawater temperature was shown to be correlated with the gastropod density. 
Seawater temperature appears to be a stimulant to trigger the gastropods to renew 
their feeding activities. However, higher seawater temperature was not correlated 
with increase in percentage area of feeding scar. 
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4.4.5 Rate of predation 
Rate of predation was calculated as the change in area of the feeding scar in each 
coral colony per gastropod (cm^ per gastropod per month). The rate is a measure of 
mean feeding activity of each gastropod. At times when changes in the percentage 
area of feeding scar may be increasing, the rate of predation may actually decrease if 
a large number of predators were present. Both study sites showed similar pattern 
of change in this rate but no significant difference between sites was detected. 
Some negative rates were obtained, indicating that there was net increase in the size 
of living coral tissue, probably due to growth and recovery. The recovery was 
much greater in winter of 1999 than in 2000. There was a sudden and large 
increase in the rate of predation from February to March 2000. This may be a result 
of increased feeding activities of gastropods emerging from a period of "hibernation". 
After being inactive during winter, these gastropods fed quickly to gain more energy 
for future expenditure. The rate decreased again starting from March 00 and 
/ 
remained steady through 2000. No such high rate of predation occurred in the 
period of February - March 2001. The increased rate of predation in February to 
March 2002 resulted also in a rapid increase in the area of the feeding scar. In mid 
summer, the percentage change in this area was not as high, although the number of 
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gastropods had increased. This suggested that at high gastropod density, the 
feeding efficiency of each gastropod was actually quite low. There may be some 
density dependent effect, although no correlation was detected between rate of 
predation and gastropod density. 
The relation between the rate of predation and gastropod density has not been 
evaluated more extensively by other workers. High gastropod density was believed 
to affect their feeding behavior (see Chapter One) such that they would feed in day 
and night rather than at night only. However, the density of gastropods in Tung 
Ping Chau .may not be high enough or so crowded enough to trigger intense 
competition. Thus, no effect on the predation rate was detected. The size 
structure of gastropods could also affect the rate of predation. The presence of 
more adults could result in a greater rate of predation as adult gastropods would need 
more energy for reproduction and maintenance. On the other hand, juvenile 
gastropods may need more energy for growth. There are no strong evidences from 
the present results to support either of these hypotheses because no obvious increase 
in predation rate was observed during June to October 2000 when there was an 
obvious change of dominant size group of individuals. 
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Gastropods do not feed on one dimension only, but rather, they will feed around the 
whole branch of the coral. Therefore, the calculation of the predation area would 
not be dependent on the surface area of the coral colony alone. In this research, 
only the surface area could be captured by the underwater video and analyzed by the 
image analyzer. The feeding effect of the gastropods, expressed in terms of 
predation rate and change in percentage area of feeding scar, was likely to be 
underestimated. 
Nonetheless, the rate of predation or the predatory effect of gastropods appeared not 
to be very severe in Tung Ping Chau. The greatest rates of predation obtained in 
this study were 58 and 32 cmV gastropod / month (i.e. 1.93 cm^ and 1.07 cm^ /day) in 
A Y W and A M W respectively. Cumming (1999) reported on average, only 1.8 cm^ 
of coral tissue was removed per adult Dmpella per night at Lizard Island, suggesting 
that the impact of predation was low. An experiment conducted by Fujioka and 
Yamazato (1983) found that from 5% to 90% of the area of 63 cm^ Acropora and 
Montipora colonies was eaten over 2 weeks by 113 D, cornus and 95 D. fragum. 
In Tung Ping Chau, the rate of predation for both sites was on average, less than 1 
cm^ / gastropod / day. This is lower than the predation rate documented from other 
coral reefs. Therefore, the predatory effect on Acropora spp. in Tung Ping Chau 
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was not significant, at least at this moment. 
4.4.6 Size Structure of Population size 
a) Recruitment 
Drueplla cornus is gonochoristic. Based on histological examination of the gonad 
sections of each sex of D. cornus, gametogenesis cycle for D. cornus was found to be 
continuous (Nardi, 1992). The major spawning episodes observed at Coral Bay, 
Western Australia in that same study were in November/December of 1989 and 1990. 
Moreover, Turner (1992a, b) observed the spawning of capsules of D. cornus in the 
laboratory. She found that each capsule contained between 311 to 1384 embryos 
and they hatched after 20 -37 days depending on seawater temperature. The 
embryos developed as free swimming planktonic veligers and kept growing for more 
than several weeks before settlement. Turner (1994b) found a recruitment peak of 
D. cornus (<lcm shell length) in January/February 1991 following a major spawning 
/ 
event in November/December 1990 from the backreef edge site at Coral Bay, 
Ningaloo Reef, Western Australia. Bimodal size frequency data was obtained in 
February 1991 that was composed mainly of small individuals with shell length of 
0.1-0.7 cm and individuals with shell length of 1.0-2.0 cm. However, for other 
178 
/ 
Chapter Four — Predation on Coral 
sample periods, July 1990 and November 1990, unimodal (0.4-1.5 cm) and 
polymodal size frequencies were obtained respectively. She suggested that the 
smallest individuals of D. cornus were likely to be the most recent recruits. The 
larger juveniles (1.0-2.0 cm) found in February 1991 sample may represent the 
previous year's recruits. Therefore the cohort of D. cornus that settled in 
January/February 1990 grew to approximately 1.5 cm shell length in one year. 
Turner also pointed out that there might be multiple recruitment events throughout 
the year because few small D. cornus were also found in July and November 1990. 
The gametogenetic cycle of the corallivorous gastropods in Tung Ping Chau was not 
followed in this present study. Timing of recruitment and pattern of growth could 
only be inferred from the population size structure data. Based on the present 
^ results, different sizes of Cronia margariticola and Drupella rugosa found in A Y W 
and A M W were classified into eight different size classes. Although only data for 
13 months were recorded, the shift in the dominant size class of both species of 
gastropods over this period was observed. This shift was more obvious for C. 
margariticola than for D. rugosa. Individuals <1 cm in size were likely the new 
recruits. Based on this assumption, a recruitment peak of C. margariticola was 
observed in June in A M W and July in AYW. In A Y W , one colony supported a total 
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of 526 C. margariticola individuals and > 300 of these were < 1 cm in size. Small 
C. margariticola could also be found from April to October 2000 but no or very few 
of them were observed from November 2000 to March 2001 (in A Y W for example). 
If the findings of Turner (1994b) and Nardi (1992) were to be used as a reference, the 
major spawning period for these gastropods in Tung Ping Chau should be around 
spring (March) in order for a peak recruitment to be observed in summer. There 
was a lack of multiple peaks of juveniles within a year so multiple recruitment event 
was not strongly suspected. However, small individuals reappeared again in April 
and March of the following year in A Y W and A M W respectively, indicating that 
local annual..recruitment may be possible. 
No egg capsules were observed in either A Y W or A M W . Turner (1992a) found the 
spawning capsules of D. cornus in small crevices in the rocky substratum and dead 
bases of corals, or on other older shells in the field. The eggs were spherical, pale 
creamy white in colour and embedded in a gel-like substance within the capsules. It 
could be difficult to find these capsules without a well-trained eye. In the absence 
of such observation, it would not be feasible to suspect the spawning period of these 
gastropods in Tung Ping Chau. Larger (2.5cm to <3cm) individuals of Cronia 
margariticola were observed from February to April 2001. It may be possible that 
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these presumably adult individuals aggregated for reproduction (Catterall & Poiner， 
1983). 
For Drupella rugosa, the recruitment pattern was not as obvious as that observed for 
Cronia margariticola. Small number of individuals (<1 cm) could be found in 
A M W in May only although more of them could be found in A Y W in June/July. 
The peak recruitment would be in July. Again, following the works of Turner 
(1994b) and Nardi (1992), the spawning time should also be sometime in spring, 
perhaps from March to June. No individuals < 1 cm were observed in the following 
year. . 
Turner (1992a, b) believed that the mode of development of Drupella cornus and D. 
__ fraga could not be assumed to be the characteristics of all populations or species of 
Drupella. The same species may also utilize different methods of development in 
different locations. Further monitoring of changes in the size structure of both 
Cronia margariticola and D. rugosa in Tung Ping Chau is being continued in order 
to obtain more information ,about the recruitment pattern of these species. 
Gametogenetic analysis is also being carried out to evaluate their reproductive 
development. 
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One interesting phenomenon was noted in this present study. New recruitment 
always appeared one month earlier in A M W than in AYW. The peak recruitment of 
Cronia margariticola was in June in A M W and July in A Y W . For Drupella rugosa, 
recruitment was observed in May in A M W and the peak was observed in June/July 
in AYW. The prevailing flow of water current from A M W to A Y W may be 
responsible for this phenomenon. Turner (1992a, b) showed that the veligers could 
survive for several weeks as plankton. Larvae developed in A M W may be carried 
by the current to A Y W and settlement and metamorphosis occur in AYW. Although 
local recruitment within A Y W is likely possible, but the number of recruits in A Y W 
was far more than that in A M W , suggesting that some of these recruits may have 
originated from an outside source. Johnson et al. (1993) found fine scale 
heterogeneity of recruitment among groups of snails from different coral colonies 
within the same site of Ningloo Reef, Western Australia. Genetic analysis, based on 
methods developed by Johnson et al. (1993), may improve the understanding of the 
relatedness of different cohorts of gastropods in A Y W and A M W and clarify some of 
* 
the history and pattern of recruitment observed. 
The large aggregations of small individuals were always found in the presence of 
adult individuals and they aggregated on top of the adult. It is believed that small 
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individuals can gain protection from larger individuals by being able to avoid the 
coral nematocysts. Aggregation was believed to be a widespread behavioral 
attribute of Druplla sp. or other intertidal species for a variety of reasons such as 
protection from physical stress or predation, and increased reproductive opportunity 
(Caterall and Pointer, 1983; Chapman, 1995; Cumming, 1999). Turner (1994b) 
pointed out that there was a lower level of morality from predation for small 
Drupella cornus on corals with a corymbose/caespitose growth form than on corals 
with a more open-branched or plate like growth form. This may also explain why 
in this present study, no small individuals of Cronia margariticola or D, rugosa were 
observed on massive corals like Porites lobata or Platygyra acuta whereas some 
large adult did. 
b) Growth of corallivorous gastropods 
Rate of growth and mortality of the corallivorous gastropods in Tung Ping Chau 
could not be evaluated directly in this study because the individual snails were not 
tagged and followed. Black and Johnson (1994) using mark and recapture 
experiments at Nigaloo Reef, Western Australia, found that smaller Drupella cornus 
increased in shell length faster than the larger individuals. The average growth rate 
for 10 m m long individuals was 5-6 m m within six months, for 30 m m long 
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individuals, 1-2 m m , while there was very little growth recorded for 35 m m long 
individuals. Black and Johnson (1994) found D. cornus from Coral Bay, at the 
southern end of the Reef and at an earlier stage of the outbreak to grow faster. 
Those 15 m m long increased by 5.2 m m in six months but those in another site, at 
Yardie Creek on the northern sector of the reef with an established outbreak, grew 
only by 3.8 m m within the same period. Based on the size-at-age relationship 
estimation using the parameters of Richards function. Black and Johnson, (1994) 
predicted D. cornus with shell length of 28 m m to be 2.5 years old at Coral Bay and 
3.5 years old at Yardie Creek. Individuals would reach the asymptotic size in 22 -
45 years. .They suggested that D, cornus could easily reach an age of 10 years and 
perhaps much more. Nevertheless, they believed that the inferred modal ages of 
4.6 -15 years for D, cornus at Ningaloo Reef was unrealistically high. 
Shift in the dominant size classes of gastropods from A Y W and A M W was observed 
from month to month in the present study. Although no attempt was made to 
conduct a detailed analysis of their growth pattern, the available data indicated that 
the growth of these gastropods "was likely to be faster than that recorded in Australia. 
However, the gastropods of different size classes appearing at different months may 
be older individuals from previous years or even many years ago, and not necessarily 
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those that have grown from the smaller size classes. Additional information on age-
size relationship are needed in order to make a better assessment of the growth rates 
of these corallivorous gastropods in Tung Ping Chau. 
4.4.7 Predatory pressure from corallivorous gastropods in Tung Ping Chau 
From the results of this study, both Cronia margariticola and Dmpella rugosa do not 
appear to be exerting severe predation pressure on the corals in Tung Ping Chau in 
general. Although there was a sudden increase in the number of these gastropods in 
the summer of 2000 when compared with that in 1999, there are not enough 
evidences to indicate that there was a population outbreak. Although isolated 
colonies of Acropora tumida were seriously damaged, no mass mortality of the 
corals occurred. Data obtained in the subsequent summer in 2001 also indicated 
that the population remained at a comparable level similar to that in 1999. Seawater 
temperature is likely to be an important cue in affecting the behavior of these 
gastropods such that more individuals were active in summer and many of them may 
not be feeding in winter. 
Cumming (1997) pointed out that Drupel la rugosa was very abundant at Coral 
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Beach, Hoi Ha Wan, another site that is not far from the present study site in Tung 
Ping Chau. Mean density detected was 36 individuals / m^ (based on five 1x1 m 
quadrats). She believed that there was an outbreak in terms of this number. She 
also believed that Drupella populations were unusual in Hong Kong. Drupella 
rugosa always occurs with other Drupella species in other reefs but only D. rugosa 
was identified in Hong Kong. Drupella spp. have strong preferences for branching 
corals {Acropora spp. and members of Pocilloporidae) which dominate many Indo-
Pacific reefs but such corals are rare in Hong Kong. On the other hand, Morton and 
Blackmore (2000) pointed out that both C. margariticola and D. rugosa did not 
constitute a severe pressure upon Hong Kong's corals and the occurrence of 
corallivorous gastropods on Hong Kong's coral communities was widespread. 
There is a lack of long term quantitative surveys of various aspects of corallivorous 
gastropods in different sites of Hong Kong. Their rate of growth and mortality, size 
frequency distribution, reproduction or recruitment, feeding behaviour and 
movement, are all needed to be more extensively assessed. This present study is 
just a start, and hopefully a good start the points to the direction where additional 
studies in the future should be focused. 
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Table 4.1 The final percentage of area of feeding scar in each coral colony (permanent 
quadrat) in A Ye Wan and a Ma Wan over a 20 month period from 1999 to 
2001. Colonies with >50% of area showing feeding scar are indicated in 
bold. 
Percentage area of feeding scar 
Permanent Quadrats A Ye Wan A Ma Wan 
1 - 27.4 15.58 一 
- 2 “ 47.49 65.90 
“ 3 9.59 • 62.04 
“ 4 11.62 17.30 
5 20.66 20.88 — 
6 100 58.26 — 
7 73.96 1.21 — 
8 0.00 5.87 — 
“ 9 27.37 . 16.01 
10 2.75 7.86 一 
—11 22.35 0.89 一 
12 21.42 6.65 
13 0.80 10.92 
. 14 70.98 3.53 
15 0.16 56.59 
16 一 0.88 0.00 
17 0.85 6.45 
18 ~ 0.51 1.07 一 
- 19 0 00 lost 
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Fig 4.1 Colony of Acropora tumida (a) and close-up view of a healthy 
branch (b). Feeding scars on branches of the coral after predation 
by the corallivorous gastropods can be observed with white skeleton 
exposed showing fresh feeding scar (c); feeding scar overgrown by 
green filamentous algae (d); and overgrown by pink coralline algae 
(e) and (f). 
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(a) 
(b) 
Two species of corallivorous gastropod found in Tung Ping 
Chau. (a) Cronia margaritico!a and (b) DrupeUa rugosa. 
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Figure 4.3 Aggregation of corallivorous gastropods on different coral species, (a) 
Acropora tumida, (b) Porites lobata, (c) Platygyra acuta, (d) more 
than 500 gastropods on one Acropora colony in A Ye Wan in July 
2000. 
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Figure 4.4 Feeding scars found in the middle of the coral colonies (a) or 
surrounded by living coral tissue (b) from some of the marked 
colonies in Tung Ping Chau. Recovery of Acropora tumida (c) 
with new coral tissue growing over the dead area (circle). 
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Figure 4.5 Mean density (+SD) of Cronia margariticola and Dmpella 
rugosa in A Ye Wan from 1999 to 2001. 
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Figure 4.6 Mean density (+SD) of Cronia margariticola and Drupella 
rugosa in A Ma Wan from 1999 to 2001. 
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Figure 4.7 Monthly change in mean total density (+SD) of corallivorous 
gastropods (Cronia margariticola and Drupella rugosa) in A 
Ye Wan and A M a Wan from 1999 to 2001. 
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Figure 4.8 Mean seawater temperature fluctuation and mean total density 
change in corallivorous gastropods in A Ye Wan and A Ma Wan 
from 1999 to 2001. 
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Figure 4.9 Mean cumulative percentage of area of feeding scar (+SD) in 
‘ Acropora tumida in A Ye Wan and A M a Wan from 1999 to 2001. 
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Figure 4.10 Mean monthly percentage change (+ SD) in the area of feeding 
scar in Acropora tumida in A Ye Wan and A M a Wan from 
. 1999 to 2001. 
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Figure 4.11 The change in corallivorous gastropod density and the percentage 
change in area of feeding scar in Acropora tumida in A Ye Wan 
from 1999 to 2001. 
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Figure 4.12 The change in corallivorous gastropod density and the percentage 
change in area of feeding scar of Acropora tumida in A Ma Wan 
from 1999 to 2001. 
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‘ Figure 4.13 Monthly change in predation rate on Acropora by corallivorous 
‘ gastropods in A Ye Wan and A Ma Wan from 1999 to 2001. 
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Figure 4.14 Regression between rate of predation of corallivorous gastropods on 
Acropora with gastropod density in A Ye Wan. 
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Figure 4.15 Regression between the rate of predation of corallivorous 
gastropods on Acropora and gastropod density in A Ma Wan. 
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Figure 4.16 The size distribution of corallivorous gastropod, Cronia margariticola, in A Ye Wan from 2000 to 2001. 
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Figure 4.16 The size distribution of corallivorous gastropod, Cronia margariticola, in A Ye Wan from 2000 to 2001. 
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Figure 4.16 The size distribution of corallivorous gastropod, Cronia margariticola, in A Ye Wan from 2000 to 2001. 
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Chapter Five 
Summary and Perspectives 
Coral bleaching and predation effect on coral by corallivorous gastropods are the two 
phenomena that marine ecologists have recently been focusing on because these 
events have caused mass mortality of corals or even changed the structure of the 
coral reefs. This project is the first longer-term (20 months) study on coral 
bleaching and predation on corals in Tung Ping Chau, Hong Kong. It focused in 
more details on the phenomena of bleaching in the coral Porites lobata and the 
predation effect on Acropora tumida by monthly monitoring the same colonies 
marked under permanent quadrats. The mechanisms of bleaching were examined 
by seasonal sampling of the corals for changes in their zooxanthellae density and 
chlorophyll a concentration. On examining the number and size of two species of 
corallivorous gastropods monthly, the population dynamics of these gastropods, i.e. 
changes in their size structure, were investigated. The correlation between these 
two events and environmental factors were studied. 
From September 1999 to April 2000, there was no significant change in the live coral 
coverage in the two study sites, A Ye Wan (AYW) and A Ma Wan (AMW). This 
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indicated that no major impact had occurred to cause any mass mortality of the corals 
in Tung Ping Chau. No mass coral bleaching was recorded during the study period. 
However, Porites lobata did show some low degree of bleaching in summer and 
winter as indicated by colour intensity measurement and changes in the density of 
their symbiotic algae and chlorophyll a. 
Porites lobata is one of the dominant coral species in Tung Ping Chau but it is 
usually the first species to show seasonal bleaching effect. Coral colonies of this 
species showed the deepest colour in autumn with the highest density of the 
symbiotic algae and chlorophyll a concentration. Coral colour changed from deep 
brown to tan in summer. Bleach of colour was especially severe in the upper coral 
head. High seawater temperature, high solar radiation and low tidal range were the 
possible factors causing this partial bleaching, Zooxanthellae density decreased for 
more than 50% in these tan corals. In winter, more than 90% of the Porites lobata 
changed to milky white or became very pale in colour. Low seawater temperature 
is believed to be the main possible cause. The same coral species gave different 
responses to bleaching at different sites. Zooxanthellae expulsion was the 
mechanism of bleaching in A M W while both zooxanthellae expulsion and loss of 
algal pigmentation were involved in AYW. This fluctuation in zooxanthellae 
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density and chlorophyll a concentration is not the same as the massive expulsion 
exhibited in corals in other coral reefs in the Indo-Pacific during mass bleaching 
event. Some of the Pontes lobata colonies did not bleach at all. This intraspecific 
variation may be the result of different compositions and strains of symbiotic 
zooxanthellae found within the corals that exhibited different abilities to tolerate 
environmental changes. Different clonal coral genotypes may also exhibit different 
susceptibility to bleaching. Further molecular analysis on the coral genome or on 
species of zooxanthellae may provide the evidence needed to explain the different 
responses of the corals observed. 
Macroalgae bloomed in late winter to early spring and increased their coverage up to 
35%. These large macroalgal drifts may weaken the corals by hindering their food 
capture ability or block the light penetration needed for photosynthesis. 
Contraction of the coral polyps were observed during this period. These weakened 
corals may have lower ability to protect themselves from algal or barnacles 
attachment. Barnacles were observed dominantly growing on Pontes lobata in late 
spring. , 
Cronia margariticola and Dmpella rugosa are the two dominant corallivorous 
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gastropods in Tung Ping Chau. C, margariticola has higher density than D. rugosa 
in both study sites. Underwater preliminary experiment indicated that these two 
species of gastropod feed on live coral tissue. The coral Acropora tumida was 
observed to be the preferred species for these gastropods. This is in agreement with 
other documented findings that Drupella preferred fast-growing Acropora species. 
Predation pressure by corallivourous gastropods appeared not to be even among 
individual colonies and not very high in Tung Ping Chau in general. 
Results from the general survey indicated that the live Acropora sp. coverage did not 
decrease significantly during the study period. The gastropods were observed to 
feed on other species of coral such as Porites lobata and Platygyra acuta but without 
forming large aggregations. It is more difficult to distinguish the feeding scars in 
these corals so the extent of predation on these corals is likely to be underestimated. 
Whether there was a population outbreak of these corallivorous gastropods cannot be 
unequivocally shown in Tung Ping Chau. High density of the gastropods was found 
in summer and low in winter., More than 500 gastropods aggregating on a single 
colony of coral was observed. This resulted in high density of gastropods of up to 
3218.61 individuals/m^  of Acropora area. However, this was only an isolated case 
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in particular colony while average density in the permanent quadrats was only 406.02 
individuals/m^  of Acropora area in AYW. Although A Y W had apparently higher 
density of gastropods than A M W , the difference was not statistically significant. 
During winter, the density of gastropod could drop to zero. Seawater temperature 
again is believed to be the main causal factor or stimulant to affect the feeding 
behavior of these gastropods. Significantly positive correlation between seawater 
temperature and gastropod density was found. In winter, the gastropods may be 
hiding around the base of the corals or buried under the sand. The density of the 
gastropods was likely to be underestimated because it was difficult to find the 
gastropods that stayed deep inside in between the coral branches or those that were 
well camouflaged by the pink coralline algae on their shell. Destructive sampling 
method could be more effective in obtaining a better estimate of the gastropod 
density but this approach is not desirable. 
Coral tissues preyed by gastropods, resulting in an area of feeding scar on the coral, 
was recorded monthly. Increase in percentage of the area of feeding scar was 
observed in summer and some decrease may be observed in winter. However, there 
was no correlation between gastropod density and the change in area of feeding scar 
nor was there significant correlation between the percentage area of feeding scar and 
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the seawater temperature. Furthermore, the rate of predation cannot be linked 
directly with changes in the density, size of the gastropods or seawater temperature. 
The lack of correlation or direct linkage among these parameters may be a result of 
large variation in densities of gastropod among coral colonies (under permanent 
quadrats). While one colony can have large increase in tissue removed, other 
colony may have no predation effect at all. More than 500 gastropods aggregated 
on one colony of coral while less than 3 gastropods aggregated on another large 
colony. Moreover, there is a limitation in being able to measure the actual change 
in area of the feeding scar as gastropods feed on the coral in three dimensions 
whereas thp feeding scar was only measured in a two dimensional scale. Areas of 
feeding scar underneath the branches could not be measured. 
For the population size structure of the corallivorous gastropods, recruitment peak 
was observed in summer (June and July) with the appearance of many gastropods 
< 1cm in size. Spawning period was probably in March. The shift in the dominant 
size class of gastropods was also observed in the following months. Growth of the 
gastropod is expected. However, it is difficult to estimate the growth rate 
effectively as it is difficult to trace the growth of individual gastropods. 
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The present study provided the baseline information on two potential major threats to 
coral community in Tung Ping Chau: coral bleaching and predation. It also 
provided the basic information on the general structure of the coral community in 
Tung Ping Chau. As Tung Ping Chau has become a Marine Park in 2001, this basic 
information may be useful for comparison with results of monitoring program 
currently being carried out in order to evaluate any changes in the coral communities 
in the future. 
Continuous monitoring of the coral communities is necessary to obtain more 
information about bleaching and the pattern of gastropod predation. Several 
additional studies are suggested, e.g. examination of how corals could protect 
themselves from U V irradiation, use of other non-destructive methods like diving 
P A M to evaluate photosynthetic responses of the corals in different seasons, genetic 
analysis to evaluate the recruitment pattern of the predatory gastropods etc. 
Additional information generated from these studies will hopefully help to improve 
our understanding of the dynamics of the coral communities in Hong Kong and 
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